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Foreword

The "Caﬂc;graphic and Digital Standard for Geologic Map Information" provides guidance
to the earth science community for the representation of geologic information on maps. The
purpose of this document is to standardize geologic information on maps prepared in both
electronic (digital) and traditional (printed) formats. Collection of geologic information
incorporates a significant amount of subjective observation and interpretation that cannot be
standardized. However, representation of geologic data and interpretations on maps must be
standardized for several reasons. The application of geologic map information to other
disciplines such as engineering, environmental protection, or public health is expanding rapidly;
information must be represented consistently for engineers and scientists in those other disciplinés
to enable them to understand and apply uniformly geologic data gathered from a variety of
sources. For applications such as civil engineering, the locations of contacts, boundaries, faults,
and point data must be represented consistently and uniformly; use of the geologic map standard,
both at the time the data are collected and subsequently when they are represented on electronic

or traditional maps, will ensure proper understanding and consistent interpretation of the data.

Second, many geologic data are now being prepared electronically for rapid application
and analysis. Often the earth scientist does not assemble the electronic map data for analysis.
Specialists in computer cartography assemble the electronic data; they cannot improve either the
quality or the character of the original data. The quality of the final map depends on the
application of a standard by all participants in the map-making process. Application of the
standard begins with the earth scientist who records and transfers the field and (or) remotely
sensed data to publishable format. Clear and effective communication of the geologic map data
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among the earth scientist, the digital cartographer, and the subsequent user begins with the use

of standard data representation.

Development of the geologic map standard contained in this report began in the U.S.
Geological Survey in 1989. The U.S. Geological Survey enlisted cooperation from the
Association of American State Geologists, which provided a representative to the worki~g group.
The working group included representatives from a spectrum of geological disciplines that make
general- and special-purpose geologic maps. In 1994, the project was incorporated in activities
of the Federal Geographic Data Committee, Geological Data Subcommittee, in order to expand
the review and application of the draft standards by Federal agencies that use and (or) gather

geologic map information.

The draft of "Cartographic and Digital Standard for Geologic Map Information" is
intended for public review, application, and comment for 2 years. At the end of that time,

comments will be analyzed carefully and the draft standard revised for release as a Federal

standard.

Members of the working group that developed the draft standard include:

U.S. Geological Survey
Principal Authors

Mitchell W. Reynolds, Chairman; author, compiling author, and symbol
text layout

James E. Queen, cartographic specialist for the standard: symbcls, color,
and pattern design

Richard B. Taylor, coding and author
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Other Committee Members

Nicholas M. Ratcliffe
William E. Scott
George E. Ulrich
Philip A. Davis
Edward C. Escowitz

Association of American State Geologists

John Davis, Kansas Geological Survey, representing the Geologic Standards
Committee of the Association of American State Geologists

The clarity, uniformity of presentation, and precision of both language and symbols have been

enhanced by the editorial work of

Susan Tufts-Moore, U.S. Geological Survey, Bow, New Hampshire

In addition, the following individuals have contributed to the graphic presentation of th= standard:

Michael Kirtley, Terra Imaging Arts, Incorporated, Conifer, Colorado: electronic
cartography
Janice Dennis, Wray, Colorado: color design and review of cartographic symbols

Constance M. Schafer, U.S. Geological Survey: symbol text layout

Carolyn H. McQuaig, U.S. Geological Survey: symbol text layout
Geraldine Owen, contractor: symbol text layout
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1. GEOLOGIC MAP INFORMATION

1.0 INTRODUCTION

Scientific requirements are set by the discipline of the earth sciences. Formats for
representing geologic map information have developed through nearly a century-and-a-half as a
response to expanding scientific sophistication and requirements to record compler geologic
information accurately. Standardization of those formats has progressed irregularly as the focus
and application of geologic studies have changed through time. However, the need for standards
for earth-science maps has acquired a new sense of urgency because of the requirements of
digital systems. Explicit standards required by computer graphics programs cannot be allowed
to change scientific requirements set by the discipline. Rather, the expanded capebilities in
preparation, data manipulation, and publication of earth science maps must be exploite to assist
scientific endeavors. Digital standards must accommodate the capabilities of the hardware and
software systems to be used, but they must start with the science.

Graphic practices for printed color and black-and-white general-purpose geologic maps have
been established and thousands of maps published. The definitions and organization provided
here set a standard for practice in preparing geologic maps from the field to publicat’nn. This
standard includes one format for digital representation of map information. As requirements
change regarding the type and representation of geologic data gathered, departures from this
standard may be needed. With adequate and precise description, such departures will be

encouraged to meet the needs of geological sciences.
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Geologists generally use maps and aerial photographs in the field at scales near 1:24,000,
even if the final mapping is destined for release at a smaller scale. Direct geologic mapping on
sheets at scales of 1:100,000 or smaller is rarely desirable because base maps at larger scales
present more detail usable for location and interpretation and provide space to plot geologic detail
required in working out geologic problems. Geologic maps at scales of 1:100,000 and smaller
are almost always compiled by generalizing larger scale maps. Data for small-scale maps are
generally drawn from maps compiled by many individuals. The compiler is less directl familiar
with the whole and must rely more on interpretation of the maps drawn by others.

This document sets forth a standard for developing general-purpose geologic mape at scales
of 1:24,000 and 1:100,000, with easy extension to maps at other scales, and provides definition
and discussion, some directed to make nearly 800 common understandings explicit, to assist
digital representation. The restriction to 1:24,000 and 1:100,000 scales and to general-purpose
geologic maps has been adopted to reduce the number of elements to a manageable group, as
well as to avoid expanding discussion to the special needs of very large scale maps, such as mine
maps, small-scale compilation maps, and special-purpose maps.

Any map provides a particular picture of the reality it represents. The general geo'ogic map
provides a view of the geology of an area that provides the distribution of mappable rock units,
the structure of the area, and through interpretation, the geologic history of the area. It does not
specialize on the details of a single element. To provide this general view, it avoids datails that
would obscure the broader picture. A compromise always exists between showing the details of
the distribution of small patches of surficial units and the distribution of bedrock units. As such,

the general geologic map is much more than an engineering representation. Prot'ems are
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different in different geologic terranes and in different physiographic provinces. Experience over
the past years helps to define the most useful content for a general geologic map, if we bear in
mind that the interests and capabilities of the author and the character of a particular area will
inevitably bias the content of the map. Special-purpose maps, or derivative maps, in part based
on the general geologic map, can be drawn to provide more details of a particular view of the
geology of the area and to complement the more general view.

This cartographic and digital standard for geologic map information presents the standard
in three major parts: (1) the standard for geologic map information, including content and
representation of map information; (2) the standard for graphical and digital representation of
map symbols, including one format of digital coding for geologic features; and (3) the standard

for the design and representation of colors and patterns on geologic maps.
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1.0.1 CARTOGRAPHIC STANDARD AND ACCURACY OF LOCATICN

OF GEOLOGIC SYMBOLS

The application of a standard for geologic map information begins at the tim= data are
recorded during field investigations or primary interpretation of remotely sensed data. Scientific
identification, characterization, and representation of relations among geologic elements with
positional accuracy are not improved by subsequent traditional or electronic (digital) map
preparation. Identification and characterization of geologic elements and their relations have
subjective components dependent on the background and interests of the scientist investigating
those elements or on the purpose of the investigation. However, recording scientific observations,
measurements, and, to some extent, the subjectivity of the observations on a map must be done

in standard format and content in order to facilitate communication among the scientist and users

of the map information.

The importance of a standard for the accuracy of geologic mapping was formalized in 1956 in
the U.S. Geological Survey (W. H. Bradley, 1956, written communication). That standard was
gradually recognized, but not rigorous followed, by other mapping organizations th-ough the
years. The standard was defined in terms of the accuracy of location of geologic lines and
points:
Solid lines should be used to indicate accurate locations of features that are genlogically
identifiable within the plotable limits of the [base] map and that can be located from
exposures or other evidence within 1/25 inch [ mm] on the map. Solid linss should

generally be within 1/25 inch [1.00 mm] true position and in no case should they be
mislocated with respect to geographically identifiable points more the 1/10 inch [2.5 mm]
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on any map. Features that are only approximately located should be shown by long dashed
lines; those that are indefinite or inferred, by short dashed lines; and those that are
concealed, by dotted lines. The use of many dashed contacts or faults on a map is not to
be construed as a detraction from the quality of the map, and for many maps, it may be
undesirable or impossible to achieve sufficient accurate locations to permit use of solid
lines.'

The quality of the map is not impaired, but rather enhanced because the reader is provided an
indication of the accuracy of location.

In recent years the U.S. Geological Survey, followed by other organizations, sub:tituted a
solid line contact for the dashed contact (contact approximately located) on many maps. With
this change, the geologist did not distinguish between different kinds of contacts according to
accuracy of location. Although the legibility of some maps was increased (dashed lines of
contorted traces may not be as legible as solid lines), in the main, dashed line contacts were not
used in order to reduce costs of preparation of materials for publication. On many of the maps,
dashed lines were used to indicate faults, located approximately. Dotted lines have consistently
been used to indicate concealed contacts and faults.

Although no record exists of studies conducted to determine the accuracy of lozation of
solid line contacts or other well-located features, discussions with geologists having extensive
field experience indicate general belief that the standards suggested as originally defined are

reasonable and proper guides to field practice. Accordingly that original standard is formally

Metric conversions added here. Throughout the remainder of the Cartographic and
Digital Standard for Geologic Map Information, metric units will be used following the Federal
standard for metrification. Previously, technical standards for map accuracy and cartographic
specifications were given in thousandths of an inch (U.S. customary units). Table 1.0.2.1
provides conversion values from metric to U.S. customary units. In some cases, metric
conversion values have been rounded to the nearest 0.005 mm, although in practice that
measurement cannol be met precisely by traditional or electronic map preparation techniques.
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adopted here. A continuous line is used if the location of the intersection of a geologic surface
and the Earth's surface is located within 1.00 mm at the scale of the base map. The dashed line
and other symbology for approximate locations, concealed boundaries, and inferred boundaries

are adopted in this standard (Section 2.0).

1.0.1.1. The 1.00 mm accuracy standard refers to locations of lines and points with respect to
local geographic features portrayed on the base map. In areas of gently dipping geologic
surfaces, locations of contacts are generally determined with respect to elevation and plotted
according to the topographic contours. Location of the majority of contacts within one contour
interval is generally regarded as feasible. Steeply dipping geologic surfaces are located
differently, and the 1.00 mm accuracy standard is more readily applicable. The accurac standard

also applies to locations of symbols for geologic features.

1.0.1.2  Symbols representing an observation applicable to a "local" area, as well as to a point
of observation, can be moved for the sake of cartographic clarity but should not be moved more
than 2.5 mm from the point of observation and should never be plotted in a unit different from

that in which observations were measured.

1.01.3.  The angles of strike and dip of surfaces and the bearing and plunge of linear elements
should be measured and plotted to the nearest degree. If a different accuracy conventicn is used,
such as reporting to the nearest 5 degrees, this convention should be described in the erolanation

of map symbols. Appropriate symbology for contorted beds or approximate data can be drawn
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from the list of symbols in this report (Section 2.0) and used to convey a sense of reality for the

observations recorded.

1.0.1.4  For reconnaissance or preliminary geologic maps reporting original mappin<z, dashed
and dotted line Symbo]ogy is used, but note that the 1.00 mm accuracy standard may nat be met
for the majority of the "solid” lines. The title of the map adequately explains the difference in
accuracy to be expected (Section 1.3), and the map reliability diagram summarizes the mapping
methodology and the density of observations to provide a user with a general view of the

positional reliability of the data (Section 1.6).

1.0.1.5 Standards also make explicit a set of requirements related to science. Topograohic base
maps are now available at a scale of 1:24,000, and soon at 1:100,000, for all of the cont=rminous
United States, Hawaii and most U.S. possessions, and at 1:63,360 for Alaska. The sta~dard for
geologic map information now requires that a geologic map must be on a topographic bese drawn
to Federal map standards. Such a base is required so that interpretation of the intersection of a
geologic surface with the ground surface, such as a contact or fault surface, can go beyond the
position of a line on a flat map to an interpretation of the configuration of this surface in three
dimensions. Electronic representation of the geologic elements on a digital topographic base map
can facilitate calculation of volumes, surface areas, depths to surfaces, and a variety of clerivative

information for scientific, engineering and other societal applications.
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1.0.1.6  Where both precision of location and geologic control, that is, spacing of outcrops, fall
within the 1.00 mm accuracy tolerance, lines or points shown on a map are constdered accurate.
Each one of the data points shown on a map is expected to fall within the tolerance standards
for accuracy, except as otherwise noted in the specifications of this standard. Tho:se falling
beyond this tolerance are either approximate or indefinite. Approximate contacts do not carry
a stated or implied accuracy, except as determined by the location of exposures or otservation

points that may be denoted by symbols, such as the limits of outcrops.

1.0.2 CONVENTIONS USED IN THIS STANDARD

For application and review discussion, discrete elements of the standard are assigned reference
numbers. Major parts are numbered in sequence: 1.0 Geological map information; 2.0 Geologic
map features: symbols, graphical standards, and attribute codes; and 3.0 Colors and patterns.
Following a decimal point, sections, topics, or classes within the major parts are each assigned
a number. Within a section, topic or class, individual standards or symbols follow in order, each
separated by a decimal from the numbers of the higher organizational elements. Tables and
illustration numbers are keyed to the appropriate section or topic of the standard using the same

decimal system.

1.0.2.1 Measurements for the standard are in metric units. Previous descriptions of map
accuracy and symbols have been in U.S. customary units. Table 1.0.2.1 provides conversion

values from customary units to metric units used in this standard. In 1995, available
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Table 1.0.2.1. Metric-to-U.S. customary unit conversions used in "Cartographic and Digital

Standard for Geologic Map Information”

- —
i Measurement Measurement
in millimeters Measurement in millimeters Measurement
[| (Rounded for use as in inches (Rounded for use as in inches
conversion standard) conversion standard)
I 2540 0.035
| 0.025 0.040
0.125 0.050
F 0.15 0.006 1.50 0.060
0.007 2.00 0.080
0.008 ” 2.50 0.100
0.010 3.00 0.120
0.012 3.125 0.125
0.014 3.50 0.140
0.015 4.50 0.180
0.018 ll 5.00 0.200
0020 | 1000 0.400

U.S. topographic base maps (1:24,000 scale and some 1:100,000 scale) use U.S. customary units
and have a scale to convert linear measurements to metric units. Many 1:100,000 topngraphic
maps used as bases for geologic data are in metric units; each map has a scale for conversion to
U.S. customary units. Geologic maps printed on a base map in customary units should show

geologic cross sections in units of the base map, with the conversion value provided at the base
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of the cross sections. Map text values and stratigraphic columnar sections are in me‘ric units.
In cases where the base map is in metric units, all geologic map and geologic map reference

information must be in metric units.

1.0.2.2 This standard refers throughout to typefaces and sizes for descriptions of symbols and
map information. Two categories of typefaces are used on geologic maps to enhance clarity,
readability, and distinctions among kinds of data: (1) Typefaces in which the uprigh* lines of
letters are ornamented with short lines (serifs), and (2) typefaces in which the upright lines of
letters are straight (sans serif, sometimes shortened to sans). This standard refers to two principal
typefaces Souvenir (serif) and Univers (sans serif). These typefaces are available for map
making in tradition and electronic formats. Similar typefaces may be substituted. For example,
Times Roman or New Times Roman typefaces produce characters similar to the Souvenir
typeface. Helvetica and Arial typefaces have sans serif characters similar to Univers. Table
1.0.2.2 provides the abbreviations of typefaces and sizes used in this standard. Customerily, type
sizes are given in points, rather than metric units. This standard continues the use of points;

however, Table 1.0.2.2 also provides conversion values from points to millimeters.
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Table 1.0.2.2. Abbreviations for typefaces and conversion of type points to metric rits

e . _—_— > ———

CONVERSION: TPE
POINTS TO MILUN":TERS |

Univers light

Univers
condensed italic

Univers light Souvenir medium |
italic italic

Univers light
condensed

Souvenir bold

Univers
expanded

Univers bold

Univers bold
italic

Trade Gothic

! In some digital fonts and type production equipment, Souvenir bold is equivalent to
Souvenir- medium of this table. Regardless of the program weight designaion, the
appearance of Souvenir medium type is preferred as the heavier Souvenir typefa-e.
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1.1 GEOLOGIC MAP CONTENT STANDARD

The standard for content of a geologic map applies to all information necessary to depict
the geologic data for an area. Three categories of information are covered by the stardard: (1)
Map reference information, required to identify the geologic map and to define its area, scale,
lineage, and base map for the geologic data; (2) the geologic map data themselves, inclding the
geologic map, geologic cross sections, and, if appropriate for an area, a stratigraphic columnar
section; and (3) geologic reference information for the map data. Although the geolagic map
data are the focus of the publication, they cannot stand alone. Together the three categories of
information define the full map content for both electronic and conventional publicatior formats.
Figure 1.1 illustrates each element of a geologic map and provides an example of a graphical
layout for a geologic map and supporting information. Table 1.1 lists each element v’ithin the
three principal categories of information. Content elements required by the standard for every
geologic map are shown in boldface on Table 1.1. Each element is keyed by referenc= number

to Figure 1.1, and notes on usage define the character and application of each elemen-.

1.1.1 Map reference information

Map reference information includes the metadata that describe the geologic map, its
source, and its base map(s). For the geologic map itself, the reference information includes all
information necessary to identify, locate geographically, and catalog the geologic ma». Data
required to identify the geologic map include: The name of the map, the county and State of the

map area, the author(s), compiler(s), or digitizer(s) name; the year of publication, the piblishing
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Table 1.1. Geologic map content: summary of standard elements of a geologic map by principal
category of map information

Geologic map content standards are keyed to Figure 1.1 by reference numbers for map elements. Boldface
reference numbers and map elements refer to standard elements that must appear on all geologic maps. Note that
the final layout of a geologic map may vary from that shown in Figure 1.1, depending on factors such as the shape
of the map area, the number of geologic cross sections provided (Section 1.1.2), the amount of informetion to be
included the geologic reference information (Section 1.1.3), and the size capacity of the printing cr plotting

equipment.
1.1.1 Map Reference Information
Rﬂ:;;':e Map element Notes on usage R”;::::d’d
1.1.1.1 | Map series and number credit Assigned by the organization or agency| Series -12
publishing the map Number S-13
Includes reference to pamphlet
accompanying the map, if Pamphlet SI-10
applicabie note
1.1.1.2 | Cooperating agency credit Provides credit to agency or agencies | Prepared in S-9
participating in funding andl(or) cooperation
mapping when different than with
publishing organization Agency S-11
1.1.1.3 | Publishing organization or agency | Provides credit to publishing Agency S-12
credit organization or agency
1.1.1.4 | Base map credit See text, section 1.5 Text U-8
1.1.1.5 | North arrow and magnetic Approximate mean declination cited Text U-5
declination under arrow
1.1.1.6 | Scale, contour interval, and datum| Map scale as numerical ratio Ratio U-8
note Bar scales in U.S. conventional and Bar scale U-7
metric scales of the base map units
Contour interval in units of the base Contour U-8
map interval
Vertical datum with year Datum U-7
Variation in magnetic declination Declination U-7
across sheet, scales 1:100,000
(Alaska) and smaller
1.1.1.7 | State map index Outline of State with State name in Type U-6

center, showing area of geologic
map in black
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R:::::;te Map element Notes on usage Rectc:'r;;\:;ded
1.1.1.8 | Latitude and longitude numbers | Latitude and longitude outside map Type U-8
and reference marks border, all sides of map; must be
present on all geologic maps and
illustrations
1.1.1.9 | Township and range numbers or | Township and range numbers outside | Type u-7
other land survey reference numbers map border, all sides of map; must
or marks be shown for all surveyed land
areas
1.1.1.10 | Title of geologic map See text, section 1.3 Type SB-24
1.1.1.11 | Author, compiler, or digitizer See text, section 1.4 Type SB-18
credit
1.1.1.12 | Date (printing year) Year of publication Type SB-12
1.1.1.13 | Map distribution and sales note Optional for organization or agency Type u-7
publishing the map
Printing plant imprint note, if Optional for organization or agency Type U-5
applicable publishing the map; shows locality
1.1.1.14 . - .
of printing plant and printing job
number
1.1.2 Geologic Map Data
1.1.2.1 | Geologic map Line, point, and area geological data;, | Labels S-8
labels. Geologic data on See symbols
topographic base map; data fit the standard
topography
1.1.2.2 | Geologic cross section(s) Geologic cross section; vertical scale | Names of map  U-8
equals horizontal scale of map, features
except for areas of extensive thick | Names of geo- U-6
surficial deposits which can be logic feat'rres
shown on a geologic section with | Vertical scal3s U-6
vertical exaggeration
Units of measurement are those of Unit labels U-8
base map. Insert metric conversion
scale at base of geologic section
1.1.2.3 | Vertical exaggeration note Amount of vertical exaggeration, if any, | Vertical exag- U-5
used in constructing the geologic geration

cross section
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1.1.2.4 | Stratigraphic columnar section Strongly recommended for all maps; Lettering U-8,
show right margin of column with U-10
relief representative of relief of
rocks on outcrop; use lithologic
symbols {section 3.1, p. C38, C39)
and fossil symbols {2.26.3) as
appropriate

1.1.3 Geologic Reference Information

R::z:«:)r;ie Map element Notes on usage th;r::::c';ded
1.1.3.1 | Correlation of map units Boxes are arranged according to field | Unit labsls U-8
stratigraphic refations among Unconformities  S-8

1.1.3.2

1.1.3.3

geologic units; size of box
represents stratigraphic relation
with adjacent units, not rank or
thickness; boxes touch vertically
where units are conformable; boxes
are separated along unconformities;
boxes may be arranged by
geographic area or structural plate
where stratigraphic differences
warrant

Braces on right dslimit series or
epoch, system, or period

Series/system
epoch/pariod S-8

Description of map units

Summary description of map units,
including rock type, color,
distinctive characteristics, and
thickness (m). Units are described
in order of increasing age from top
to bottom and left to right. Name of
stratigraphic unit precedes the
description

Box on left edge of unit description
gives unit fabel and color

Description of line and point
symbols

"{ Line and point symbols are those that

appear on the map. Free form
symbols and departures from
standard must be defined

Heading SB-10
Unit name SB-9
Description S-9
Labels U-8
Symbol name SB-9
Symbol des- S-9
cription and
gualification
Symbol numbers
and lette~s as
in standard

(Section 2.0)
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Reference
number

1134

1.1.35

1.1.3.6

Map element

Notes on usage

Recommended

1.1.3.7

1.1.38

1.1.39

tyr eface
Descriptive or interpretive text such as | Text can describe gsologic relations Heading SB-10
geologic summary, structural among units, tectonics, age Subheading S-9
geology, tectonics, environmental or determinations, results of topical Text S-9
sconomic geology studies
References cited Cites references for all published work | Heading SB-10
cited in the descriptive text, Text S-9
figures, and index maps such as
reliability and compilation sources
Format of citation follows standard
{text section 1.8)
Geologic mapping credit with Text U-8
date of mapping; assistantship
and editor credit; date of
approval
Mapping reliability and Map showing latitude and longitude Labels u-7,
responsibility index map; displays areas of detailed, U-8
showing sources of data generalized, and reconnaissance Latitude and U-7
compiled in map compilation, if mapping with explanation; combined longitude
appropriate with areas mapped by different Font and siz»
contributors, or areas of maps by can be adjusted
others used in compilation; formal for clarity and
references to published mapping for inclusion of
used in compilation are cited in selected geo-
1.1.3.5. See text section 1.6 for graphic infor-
discussion mation
Thematic summary maps, such as Can be included as space permits; Typefaces and
tectonic map, facies map, sample each map must be labeled with values follow
locality map latitude and longitude; symbols those of
follow standard 1.1.3.7
Tables, diagrams, and photographs Tabular information such as chemical | Headings S-9
analyses, radiometric age Text S-8

determinations, and photographs as
space permits

organization, and map series and number. Data necessary on every map to define its location

include the latitude and longitude, reference systems shown, such as State plane coordinates, land

grid, or other land-reference systems, scale, magnetic declination and contour interval with

reference datum.
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For the base map on which the geologic data are presented, the reference information identifies
the source agency or organization, map name(s), edition(s), projection, scale, reference
coordinates, and datum. Regardless of the publication format, each of these elemznts must

accompany the geologic map in order to meet the standard (Table 1.1 and text section 1.5).

1.1.2 Geologic Map Data

The geologic map including all line, point, and area geologic data with labels, all displayed
on a topographic base map or rectified base image(s), is the focus of the standard. These
geologic data must meet the standard for positional accuracy and symbology provided herein.
Geologic data must fit the topography as represented on the base topographic map or on images,
such as an orthophoto quadrangle, used to represent the Earth's surface in the mapped area. A

geologic map presented on a simple planimetric base map does not meet the standard.

One or more geologic cross sections, which illustrate the author's interpretation of the geology
from the Earth's surface downward in a sectioh normal to the plane of the geologic map, are an
essential element (1.1.2.2) of the geologic data. Along the line of the topographic profile for
the section, the geology must coincide precisely with the geology shown on the map. At depth,
the geologic interpretation must be consistent with geologic relations projected into the section
from adjacent areas or with data from bore holes and geophysical surveys in the area. The
standard for positional accuracy cannot be maintained at depth in the section; however,
symbology standards do apply. For most areas, the vertical scale of a geologic cross section

should equal the horizontal scale. The vertical scale displayed at the end of each sec‘ion is in
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the same units as the geologic map. A conversion scale to the alternate unit of mea~urement,
whether metric or U.S. conventional, is displayed at the base of the section. Generally, only in
areas where geologic units at the surface are very thin but extensive, or stratigraphic relations
among them are complex, are geologic cross sections drawn with vertical exaggeration. In such
cases the amount of vertical exaggeration must be provided in a note at the base of the geologic

section (element 1.1.2.3).

The usefulness of a geologic map, particularly in areas underlain primarily by sedimentary
deposits, is greatly enhanced by the inclusion of a stratigraphic columnar section that describes
the sequence of units. A stral.tigraphic columnar section provides a map user with a graphic
image of the rock types from the base to the top of the succession. The columnar section may
convey other information such as the weathering relief of the units, their fossil conten*. and the
stratigraphic position of aquifers, units that might contribute to geologic hazsrds, and
accumulations of minerals or fossil fuels that might have economic significance. A stretigraphic
columnar section may be appropriate for areas of extrusive and shallow intrusive volcanic rocks.
For map areas across which sedimentary, metamorphic, volcanic, or igneous intrusive facies
change significantly or are complex, a facies diagram (element 1.1.3.8) may illustrate units more
effectively than a columnar section. This standard provides graphic standards for rock types
" (Section 3.2, p. C-38, C-39) and fossil types (Section 2.26, p. 2.1-51) for columnar sections and
facies diagrams on maps. The potential amount of space on a map sheet should nt be the
controlling factor for the inclusion of a columnar section. Rather, the guiding princigle for all

maps is that relations among units or facies of all rocks and deposits shown on the map must be
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explained clearly. Either a columnar section (element 1.1.2.4) or a facies diagram (element
1.1.3.8) 1s a graphic supplement that clarifies information required in different format in the
correlation and description of map units (elements 1.1.3.1 and 1.1.3.2). The &gency or
organization that funds the geologic mapping and the map author must determine together what

form of presentation is most effective for the broadest audience of map users.

1.1.3 Geologic Reference Information

Geologic reference information includes all information necessary to (1) explain geolngic units
and relations shown on the map; (2) explain all line and point symbols and colors and patterns
used; (3) reference information derived from published and unpublished sources; (4) id=ntify the
general reliability of the map data; (§) provide credit to persons who performed the mapping or
compilation of the map data, or who had major roles in producing the map; and (6) provide
descriptive information that will assist the map user in interpreting the map data in th= context
of its regional setting, tectonic relations, geologic history, and environmental or economic
significance.

Section 1.1.3 of Table 1 defines the elements for geologic reference required or recommended
by this standard. @ Notes on usage are essential: they summarize the content or graphic
representation required for each element. Separate text sections provide extended descriptions
for elements 1.1.3.3 (Part 2, Section 2.1-2.58), 1.1.3.5 (Part 1, Section 1.8), 1.1.3.7 (Part 1,

Section 1.6), and 1.1.3.8 (Part 1, section 1.7).
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1.2 NATIONAL STANDARDS: SPATIAL DATA TRANSFER STANDARL AND

CONTENT STANDARDS FOR DIGITAL GEOSPATIAL METADATA

The cartographic and digital standard for geologic map information must be used within
the framework of existing Federal information processing standards, including the Spatial Data
Transfer Standard and the Content Standards for Digital Geospatial Metadata. These standards
pertain specifically to all primary digital spatial data assembled for a geologic map. However,
a digital map derived by conversion of a map originally prepared by tradition methods must also
conform to the national standards. As long as some geologic maps are produced by using
traditional methods, appropriate information must be contained on them to allow subsejuent full
conversion to digital format in conformance to the standards. The purpose of this section (1.2)
is not to detail the content and application of these standards, but to call the attention of the
geologist and geologic cartographer to these standards applicable to digital geologic map

information and production.

In 1992, the National Institute of Standards and Technology issued Federal Information
Processing Standards Publication 173 (FIPS 173), which defines the Spatial Data Transfer
Standard (STDS). The standard "provides specifications for the organization and structure of
digital spatial data transfer, definition of spatial features and attributes, and data transfer

encoding."! Those specifications facilitate the transfer of digital spatial data among different

! National Institute of Standards and Technology, 1992, Spatial Data Transfer Standard
(SDTS): Federal Information Processing Standards Publication 173, p. 1.
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computer systems. In succession, the SDTS (1) defines the conceptual model for spatial data,
(2) defines standard two-dimensional objects to support major types of data operctions; (3)
defines a standard for reporting data quality; and (4) defines specifications for data trarsfer. The
standard is set forth in detail in FIPS 173, and conformance to this national standard i< required
for digital geologic map information. At the time of preparation of the geolngic map
information standard, methodology and software for routine application of the SDTS are under
development. Further information may be obtained from the Executive Secretary, Federal
Geographic Data Committee, U.S. Geological Survey, 590 National Center, Reston. Virginia

22092.

Information about the content, quality, condition, and other characteristics of data
comprise metadata. Published paper geologic maps that meet the required geologic mep content
standards 1.1.1.1 through 1.1.1.12 and 1.1.3.6 and 1.1.3.7, above, display metadata for that map
in a format that is helpful to a potential user who has access to the map sheet. Althoigh some
of that information is available in published bibliographies of geologic information, significant
information such as the map lineage (history of the mapping, subsequent modificaticns to the
map, and sources of the map data), the quality of the data, including positional accuracy of both
the geologic information and the base map(s) and accessibility of the data, are generally not
included in a bibliographic citation. Electronic production and access to map information require

a different format for the map metadata.
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U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

DRAFT CARTOGRAPHIC AND DIGITAL STANDARD

FOR GEOLOGIC MAP INFORMATION

by

U.S. Geological Survey

Open-File Report 95-525

Prepared in cooperation with the Federal Geographic Data Committee, Geologica! Data

Subcommittee, and the Association of American State Geologists

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey
editorial standards. Any use of trade, product, or firm names is for descriptive purposes only and
does not imply endorsement by the U.S. Government.
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TO CUSTOMERS INTERESTED IN PURCHASING OFR 95-525 or 95-526:

The U.S. Geological Survey (USGS) Open-file Report (OFR) 95-525 ("Cartographic and digital
standard for geologic map information") and the accompanying diskettes (OFR 95-52) have been
reviewed by the USGS, the State Geological Surveys, and the Geologic Data Subcomittee of the
Federal Geographic Data Committee. The review, published as USGS OFR 96-725, describes
flaws in those reports and explains the plan for preparing a revised set of cartographic standards for
geologic maps.

Before you purchase either 95-525 or 95-526, you may want to read the review docur-ent; if you

~ like, we will send it to you (free of charge, except for postage) or you may read it on a USGS Web
site (see URL: "hutp://ncgmp.usgs. gov/ngmdbproject/standards/carto/OFR95-525review.html”).
For more information about the standards development activities underway at the USGS, see the
Web site "hup://ncgmp.usgs. gov/ingmdbproject/home.html”.

If you decide to purchase OFR 95-525, the cost of reproduction is as follows: 1) text b&w with
color reproduction of pages showing map symbols, colors, and patterns -- $159.75; 2) text b&w
with color reproduction of pages showing map symbols (pages showing colors and pa‘terns would
be b&w) -- $96.75; or 3) all pages b&w -- $37.50.



All geologic maps developed in digital format must now include information that meets
national Content Standards for Digital Geospatial Metadata.>  The standard defines the
information necessary for a potential user of the digital map to determine (1) that the data exist,
(2) the fitness of the data for application, (3) the means and conditions for accessing the data;
and (4) the information needed to transfer and use the data. The metadata content standard

specifies and provides the formats to be used for provide digital map information.

The "Cartographic and Digital Standard for Geologic Map Information” requires that

digital geologic map information conform to both the Spatial Data Transfer Standard and the

Content Standards for Digital Geospatial Metadata.

? Federal Geographic Data Committee, 1994, Content Standards for Digital G=ospatial
Metadata, 54 p. with 3 appendixes. Available from the Executive Secretary, Federal Gengraphic
Data Committee, U.S. Geological Survey, 590 National Center, Reston, Virginia 22092. Internet

address: gdc@usgs.gov Anonymous ftp: fgdc.er.usgs.gov
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1.3 MAP TITLE

The title of a geologic map must succinctly reflect three principal aspects of th= map: (1)
the character of information presented on the map, (2) the geographic area covered, and (3) the
accuracy of location of geologic features and relative distribution or amount of orizinal data
shown on the map. The title provides a means for the map author or compiler to defire the area
and extent of data, and for a potential user to gain a sense about the extent of original

information presented on the map from its bibliographic citation.

1.3.1 Character of information presented on the map

The map title tells a potential user briefly, but accurately, what kind of date the map
shows. If the geologic map displays the general geology of an area, including bedrock and
surficial geologic units and’structure, the title includes the words "Geologic map of...(area)."
A map emphasizing the distribution of specific units, such as those of Quaternary age o~ surficial
materials, would state the specific subject of the map, such as "Quaternary map of ...(area)," or
"Surficial materials map of ...(area)," respectively. A map displaying only bedrock geologic units
is a "Bedrock geologic map of ...(area).” Other examples of titles denoting limited map content
are "Structure contour map of...(area)," "Mineral resource potential map...," "Landslide map.." or

"Volcanic hazard map... ."

Regardless of the map scale, the title "Geologic map..." should be applied exclvsively to

a geologic map which shows surficial materials and bedrock units and structure, thet is, to a
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general- purpose or multipurpose geologic map. The accuracy of the map meets the base map
accuracy standard, with line continuities reflecting positional departures from the accuracy

standard.

1.3.2 Geographic area covered by the map

The geographic area of a map is defined by a quadrangle name, the name of a county or
larger administrative unit, the name of a land management unit, or the name of a physiographic
area such as a mountain range, a basin, or province which the map covers. The map title must
always include the State or States in which the map area is located. Typically only geologic
maps of 7.5-minute quadrangles and counties include the name(s) of the county, or cornties, in
the map title. Examples include, "Surficial geologic map of the Nashua North quadrangle,
Hillsborough and Rockingham Counties, New Hampshire," "Geologic map of the Bairoil
quadrangle, Carbon, Sweetwater, and Fremont Counties, Wyoming," or "Surficial mate-ials map
of Allen County, Indiana,” In these cases the title includes the name and county of the
quadrangle from the quadrangle topographic base map or from the index to topographic mapping

for that State.

Titles of maps of quadrangles other than those of 7.5-minute (1:24,000) scale, include

both the quadrangle name and the size of the quadrangle in minutes or degrees latitude and

longitude. Examples include "Bedrock geologic map of the South Boston 30' x 60' quadrangle,
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Virginia and North Carolina,” or "Geologic map of the Kalispell 1°x 2° quadrangle, Mcntana and

Idaho."

1.3.3 Accuracy and distribution or amount of original data

A map title conveys the distribution of original data presented on the map by modifier

that incorporates both the method of assembling and the extent of the original data.

The title "Geologic map..." conveys to the potential user that the map contairs original
field observations or compilation of original geologic maps whose data were collected
at a density appropriate to the scale of the original map, and whose accuracy is shown by
appropriate line continuities and point locations. Thus, the density of original
observations and data changes with smaller-scale maps. For a 7.5-minute quadrangle, for
example, traverses at intervals of one-third to one kilometer, or detailed tracing of
boundaries or faults across the quadrangle would provide data for a "Geologi~ map ..."
of the quadrangle. By contrast, a traverse every 2-3 km yields discontinuous information
for the quadrangle, so that the map should be referred to as a reconnaissance geologic
map. However, data gathered at 1-3 km spacing on a 1:100,000-scale (30" x 60') map
could provide sufficient detail to refer to the map as a "Geologic map of ..." without a

modifier.
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An earth science map made using a method other than geologic mapping cortains the
name of the method in its title. For example, a map developed entirely from geologic
interpretation of aerial photographs is entitled "Photogeologic map of...(area)," or
geophysical maps are given titles that reflect the geophysical technique used such as
"Aeromagnetic anomaly map of...," or "Bouguer anomaly map of..." Maps derived by
analytical techniques from such maps should be treated and named as derivat've maps

(see below).

The modifier "Reconnaissance,” as in "Reconnaissance geologic map of..." identifies that
the author used limited data, perhaps based on widely spaced traverses or other limited
information together with extrapolation to produce the geologic map. The accuracy of
feature location is not as high as on other types of geologic maps. In this case, the index
diagram for map reliability (Section 1.6) documents the spacing of observation: and the
area for which limited or no observations exist but for which a reasonable interpretation
of geologic relations can be made. Where limited data exist, an author should qualify the

map title with reconnaissance rather than risk overstatement of the data conten®.

Maps that show generalized geologic relations, such as combinations of rock uvnits into
single units, simplification of contact or fault traces, or the exclusion of some existing
data should be termed "Generalized..." geologic maps. The accuracy of location of some
geologic boundaries and features may not be high. The author, in consultation with

colleagues and the geologic map editor, should determine when a map is called a
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generalized map. The explanation should incorporate a description of how the map

information was generalized.

Earth science maps that utilize boundaries derived from previously published maps, and
which incorporate data derived by analysis (mathematical or otherwise) of the in“ormation
on the previous maps should be titled to reflect the derivative character of the map. The
objective is to alert the potential map user that the map information is not original but

that it was derived by analysis and configured to fit a previously published geologic map.

The same guidance for titles is applicable to maps that are prepared by compilation using
either electronic or traditional techniques. The fact that the resulting map is a compilation and
not original data is treated under map authorship (Section 1.4). A geologic map comgiled from
reconnaissance geologic maps retains an overall character as a reconnaissance map; it is titled
such. In cases where reconnaissance data coarser than the compilation scale are comb ned with
previously published geologic data appropriate to the map scale, the compilation should be
termed a "generalized" geologic map. Alternatively, the differences in data abundance can be
shown on the map with some hanging contacts and faults at the margins of the detailed
information; the differences are explained in the index map to sources and reliability. Leaving
abrupt terminations of detail among areas on a map intended for publication beyond an open-file

series should be avoided.
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Geologic maps released in open-file series can range from high quality to generalized to
reconnaissance in character. Most organizations or agencies use open-file publicatior solely as
a means to release data quickly. The title of each map released in an open-file series should
bear a modifier, as in the sections above, that connotes the character, extent, and accuracy of the

data shown on the map.
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1.4 MAP AUTHORSHIP

Appropriate credit for authorship or compilership of maps is critical not only for the
individual scientist(s) who made the map or for the individual(s) who assembled a map from
different sources, but also for a user to distinguish original data from the same data that have
been recast in a different format or medium. During an age in which earth science maps,
previously made using traditional techniques to produce printed maps, are being reformatted in
electronic (digital) format, proper credit is particularly important for each iteration of a map.
When successive releases of data are made in electronic format, proper credit for the original
map, as well as for successive iterations in different formats or media, must be part of the

metadata (Section 1.2) that accompany each iteration.

As a result of widespread and increasing concern being raised in the electronic era about
what constitutes authorship, compilership, or digitizing credit for an earth science map, the
following new standard for authorship of geologic maps has been developed. The standard,
together with language for credit on the map or in the electronic files, is summarized in Table

1.4. Explanations for the standard are provided below.

1.4.1 Author(s)

An author (or authors) of a map 1s the individual (or individuals) who made the original
map from field observation and mapping or from remotely sensed data, or from a combination
of geological and geophysical methods. Emphasis is on the fact that the individual(s) gathered
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Table 1.4. Comparison of the cited map credit with the function of the individual(s) arsembling

the map and the character of the map product.

Description of map product

Reference Function of Map credit
number individual(s)
1.4 author(s) Geology by
142 compiler(s) Compiled by
143 digital compiler(s)  Digital compilation by
144 digitizer Digital representation by

Original geologic map made by the author(s)
from observation and mapping in the field or
from remotely sensed data or images.
Original map was made at or n=arly at the
same scale as the published map.

The map represents an assembly
(compilation) of separate maps that were
prepared from original field observation and
mapping at the same or differert scales by
the compiler or by other earth s-ientists, or
both. The compiler has exercised scientific
judgement and skill in synthesizing and
modifying information from the original
maps to attain as uniform and consistent
representation as possible across the area of
the compiled map.

The map is the product of digital compilation
from one or more separate map< that were
prepared originally in traditioral (printed
copy) or digital format by one or more
authors or compilers. The digital compiler
has exercised judgement in consolidating
information from different files, file
engineering, file structuring, and reformatting
the data, and items such as color
representation techniques, menu< tutorials,
and descriptions of the data an1 software.
The author(s) or compiler(s) of the original
map(s) are usually different thar the digital
compiler.

A map, originally prepared and released in
standard format, is prepared for separate
release in digital format at the same scale
and with the same supporting information as
the original map. Files are strrctured, but
no synthesis or modification of the original
map information has been made.
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the original map information. The original map data were collected at or nearly at th= scale of
the published map. The author has represented of the data according to the map accuracy
standards in place at the time the data were collected. Credit on the published, or elec‘ronically

released map (Element 1.1.1.11 of Geologic Map Content), is "Geologic map of the ...(area) By

(the individual(s) name).”" Original authorship is the only case in which the unqualified credit

"By ... (name)" is assigned.

1.4.2 Compiler(s)

A "compiled" earth science map is a map that has been assembled from various
original sources, printed or electronic or both. The compilation may itself be in traditional or
electronic format. The compiler has assembled the original sources having the same o- different
scales and has exercised judgment in consolidating and representing the different original map
data to achieve a uniform or evenly balanced map. The compiler may be the author of one or
several of the original maps whose data have been transferred to the compilation. Eve~ in cases
where an individual has assembled most of her or his own published original mapping with some
original mapping by other individuals in a compilation, the individual is credited as the compiler
in map content element 1.1.1.11, through "Compiled by ... ." Heretofore, this principle has been
ignored or abused, so that numerous examples exist of maps which are entirely compilations from
existing geologic maps by primary authors but which have been attributed solely to the compiler
as if the map author. Such an attribution is a disservice to the earth scientists who proiuced the

original geologic map information incorporated in the compilation.
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In summary, for any map in which several original geologic maps by different
individuals, (possibly including the compiler as well) have been unified and consolidzted into a
single new map, the new map is attributed to the compiler by the exclusive phrase "Compiled

by ...," accompanying the map title.

1.4.3 Digital Compiler

Existing earth science maps in demand are widely being digitized for release in
electronic format. Generally the original data are unchanged, but line format and color may be
adapted for processing by available electronic equipment. The original geologic data are recast
in significantly different format. That recasting requires formatting the data, enginesring and
structuring the electronic files, and reformatting the color representation. Generally, operating
menus and tutorials are added to the restructured data, together with the metadata defining the
product. A digital compiler is responsible for these processes. The author of the original map

is seldom the digital compiler.

Credit is accorded to the digital compiler in one of two ways, depending on the
character of the digital compilation. (1) If the original map data are unchanged other than the
restructuring in electronic format and addition of menus, tutorials, and metadata, the title of the

product is:

Geologic map of the (area name) by (original author(s))
Digital compilation by (digital compiler)
Date
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(2) If during digitization, the digital compiler uses other original geologic infomation to
supplement the original map information which also is being digitized, the digital compiler is

credited for the map as follows:

Geologic map of the (area name)
Digital compilation by (name of digital compiler)
Date

and the explanation for the map or the accompanying text states clearly that the geclogic map
is modified from the original map: (author(s)), (date), (map name and scale), and (publishing

organization).

1.4.4 Digitizer

In other cases where original geologic maps and supporting inforrration are

digitized without change, other than file structuring, the individual who performed the digitization

is credited by:

Geologic map of the (area name)
By (original author(s) name(s))
Digital representation by (digitizer's name)

In each case, care must be exercised to give proper credit to the individuals who
first gathered and released the geologic map data through publication, as well as to the
individuals who subsequently added value by compilation with other original data, by digital

compilation, or by digitizing the original map information.
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1.5 GEOLOGIC INFORMATION AND BASE-MAP SPECIFICATION®

A map references position on the Earth's surface in two ways: (1) By geodetic
coordinates such as latitude and longitude and (2) by relation to geographic features, including
topography and cultural features. On geologic maps that have a topographic base, position is
determined relative to geographic features. Geodetic coordinates are determined from the base
map. Although geodetic coordinates can be determined with great accuracy by using satellites
and global positioning systems (GPS), the techniques are not yet widely applied to geological
mapping. The user of a geologic map is dependent on locations relative to the g=ographic
features shown on the base map. If a base map is less than perfect, locations may differ if they
were determined by using different techniques or if they were determined relative to different
geographic features. For gently dipping contacts, elevation may be the most important aspect of
location because of its importance to interpretations of structure. For a steeply dipping fault, a
position relative to a notch in a ridge may be more important., An ideal map base woul provilde
no disagreements due to discrepancies between the base map and geodetic position of a geologic
element determined by GPS or other field survey method. But in practice, regardless of the
scale of the base map, the "geology" must be adjusted to the topographic base map.

Map projection and scale are the two fundamental characteristics of all flat maps. A
geometric projection is required so that a flat sheet can represent the surface of the so'id Earth,
a surface that curves in all directions. The choice of map projection is made to accommodate

the needs of the map user, such as requirements for preserving angular relations, con-tancy of
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linear scale, or shape of areas across the entire map. The larger the area, the more maps drawn
to different projections differ from each other.

The scale of the map determines its size, what can be legibly plotted on it, and the
accuracy of features relative to the ground. In this document we assume that a topogrephic base
map exists, that this map is drawn to the Federal map accuracy standard', and that it can be
changed by the geologist only by the addition of new, or modification of existing base,
information such as highway rights-of-way, pipeline or transmission lines, dams, and shorelines
of reservoirs. Positions of the new data must conform to Federal map accuracy standards. The
new base map information is essential in order to aid a user of both the geologic map and the
base map in location and interpretation of relations shown on the map.

In view of the importance of the base map to representation of the geologic data, complete
reference to the base map must be cited on the geologic map (Figure 1.1, reference no. 1.1.1.4).
On a printed or plotted geologic map, the base map reference must include the:

1.5.1 Organization or agency that produced the base map(s)

1.5.2 Name(s) of the base map(s) on which the geologic data have been plotted

1.5.3 Scale of the base map(s)

1.5.4 Edition of the base map(s) including the year of publication

1.5.5 Projection of the base map(s)

1.5.6 State Plane Coordinate System for the area of the base map(s)

! Federal map accuracy standard and subsequent standards for base map representation.
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These base map data are part of the metadata file that accompanies a digital geolozic map.
Other base map information are included in the digital metadata file, such as grid coordinate
system, Universal Transverse Mercator (UTM) grid system and zone, and State Plane Coordinate
System applicable to the map (see Section 1.6.1).
Other information regarding the base map must be provided on either tradition map copy
or in digital map files. This information includes the:
1.5.7 Scale of the base map, represented by a ratio and by bar scales in metric and U.S.
customary units
1.5.8 Altitude datum name and year
1.5.9 Magnetic declination of the map, and if the map is 30' longitude long or longer,
the variation of magnetic declination from east to west across the sheet
1.5.10 In regions of the Nation covered by a cadastral land grid, the land gri mustw be
clearly represented in the map area
All earth science maps, whether presenting primary data or derivative data, whether a separate
map sheet or an illustration in an article, must be referenced to latitude and longitude, so that a

map user can spatially relocate the map area.
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1.6 INDEX TO MAP RELIABILITY

The increasing demand for readily available digital geologic map information, together
with the rapid compilation of maps of large areas, is leading to a loss of primary information
regarding the accuracy and extent of geologic map data and the positional reliability of contacts,
faults, and point data on digital maps. Preparation of some geologic maps by conventional
techniques has not preserved accurate positional representation of data: Distinctions of positional
accuracy of lines by different line continuities are blurred at intermediate scales or are lost when
continuous solid lines are used at large scales in the interest of economizing cartographic time.
This standard includes the principle that geologic maps prepared at a scales of 1:250,000 and
larger will include an index map showing the reliability of geologic mapping information. The
index map summarizes the methods of mapping, the density of observations for the map area,
and as appropriate, the areas of mapping responsibility of different contributing geologic mappers.
The reliability index map will provide a visual summary from which the map user can assess
the extent, detail, and general usefulness of the map information. The reliability index map will
assist in identifying localities or areas within the map boundaries where other data n<ed to be
collected during subsequent studies to resolve specific geologic problems. This visual summary,
together with those from other geologic maps, would be incorporated in the source and reliability

indexes for all subsequent maps that use the primary map information.

Three factors are described on the reliability index map: (1) the methocology or

methodologies applied during collection of the map data; (2) the density of data expressed in
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terms of traverse spacing, spacing of observation points, or spacing of ground observations used
to calibrate mapping from remotely sensed images; and (3) areas of mapping respongibility on
multi-authored maps. The author or compiler of the geologic map defines the parameters used

on the reliability index. Guidance is provided here through examples of content.

Different methodologies applied in making geologic maps affect the content, density of
data, and positional accuracy of a geologic map. Historically, most geologic maps Fave been
made by traverses on foot. The spacing of the traverses is determined by factors such as the
purpose of the investigation, the intended scale of the final geologic map, and th= terrain,
thickness of vegetative cover, and land access. Traverses for reconnaissance-level m2ps often
follow routes of ready access, including road and trails. In these cases, the geologist commonly
interprets the geology from aerial photographs or other remotely sensed data for areas between
access routes. In yet other cases, particularly in areas of rugged terrain, geologic observations
are made from helicopter or light aircraft; ground control comes from site examination where
the helicopter can land or from nearby areas accessible by wheeled vehicle or by foot. The
reliability index map displays the general spacing of traverses and observations made and the

method or methods of access used in mapping the overall area.

The method used to determine location during a geological investigation affects the
positional accuracy of information on the map. To determine location of an observation,
geologists commonly apply one or more of several techniques, including: (1) location by

inspection on an aerial photograph. Locations and information mapped on the photograph are
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subsequently transferred to the base map by stereoscopic optical plotter, by inspection, or other
means. (2) Position is identified as the geologist compares the local details of physiography and
(or) culture displayed on the base map with the actual physiography and (or) culture at the
observational site. This general category would include measurement of distances along a road
traverse with the vehicle odometer combined with inspection of physiography and (or) culture
on the base map. (3) Position is located by one or more common surveying techniques, such
as instrument resection or triangulation (conventional optical or laser instruments) from visible
control points or by tape and compass measurements from control points. (4) Fosition is
identified by application of a global positioning system (GPS). The GPS provides highly
accurate locations, iIn cases exceeding the accuracy of the base maps, and enables the geologist
to produce quickly in the field digital files of both position and geologic informat'nn at the
observation site. Although during the time the standard has been prepared, GPS is rot widely
used in geological mapping, the method will soon become standard for determining position

during geologic mapping. Methods 3 and 4 yield the most accurate positional information for

geologic field data.

The technique(s) used to determine position, in combination with description of the
spacing of the observations and access, is distinguished on the reliability index map. The index
is a scaled graphic representation of the areas in which defined techniques and spacing have been
used in mapping. For example, if geologic mapping of an area for a 1:24,000-scale map is

performed by foot traverse at a general interval of 0.3-0.5 km using GPS, the index to map
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reliability might be expected to be high; one pattern would represent that area on the index map

(Fig.1.6.1). If another part of the area were mapped and positions were recorded by inspection

Interpretation from aerial photo-

7/ graphs supplemented with ground
observations at 3 km spacing

Ground traverses at 0.3-0.5
\\\\\\ 7 spacing; locations determined
% by inspection of topography and
altimetry
N Ground traverses with cbservation
\\\ points determined by global
A\ positioning system
Reconnaissance geologic mapping
\\\\\\‘ from traverses at 3 km intervals,
AN

approximately spaced

Figure 1.6.1. Geologic mapping reliability diagram of the Xenon quadrangle

showing geologic mapping methods and approximate spacing of ground traverses
and observation points.

on aerial photographs, the positional accuracy of the data might not be as high as that from
ground traverses. A second pattern would represent the method of determining position and
recording data on aerial photographs. Figure 1.6.1 illustrates a reliability index map for a
geologic quadrangle map in which four mapping methodologies have been applied. As data

collected by application of the different methodologies are consolidated on a common map, the

index preserves a general record of the differences in data density and positional accuracy.

The reliability map can be combined conveniently with areal authorship responsibility on
a single map (Fig.1.6.2). Similarly, authorship credit for parts of a compilation map can be
represented on a common index map with the surveying methodology. Compilers shold make

every attempt to determine the method of surveying and density of information for map sheets
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2.7 SYMBOLS FOR MINOR STRUCTURES

All symbols should be plotted by using a line weight of 0.15 mm. All strike lines for planar features and all arrow lengths
for linear features at standard size are 5.0 mm long. The index point (point of observation) for symbols representing surfaces is
located at the midpoint of the strike line; for symbols representing linear features, the index point is at the nock end of the arrow.
Symbols may be drawn at 80 percent of the standard size if required for clarity of graphic presentation 01 crowded maps. All
symbols on a map should be drawn at the same size, so match and do not mix sizes. Numbers for dip shou'd be 6 pt. If symbols
are drawn at 80 percent of the standard size, reduce type size to 5 pt.

2.7 MEASUREMENTS OF BEDDING SURFACE

On some geologic maps, the top of vertical beds has been shown by printing the number 90 (meaning vertical) on the strati-
graphic top side of the standard symbol for vertical beds; we do not recommend this practice. An arrow having a dot at the end
opposite to the arrow point has been used to give apparent dip of beds on some maps, but this symbol should not be used; all sym-

bols should show true dip. The author of the map is in a far better position to compute true strike and dip then the reader is.

8
¥
S E
L 2
@ c i
2.71 o) Horizontal beds Sedimentary rocks o 600 0001
~2.5 diameter 064 0000
-15 weight
272 Inclined beds— v 15 600 0001
—— Showing strike 8755 Ty 063 Oxxx
L= 50|
and direction of
dip
273 Inclined beds— Uncertainty is for mea- LS 600 0003
—— ShoWir}Q sured values, not the 75T—'ﬂ%’- 25 063 0xxx
approximate location of observation 20 064 00yy
strlke and direc-
tion of dip
274 @0 Inclined beds— 15 <8 600 0001
—= Showing strike 3757?;'0—7'5 063 0xxx
and dip ) 064 00yy
215 o Inclined and crenu- e UE 600 0002
lated or warped 875 %%\5/\«/'37 5 radius 063 0xxx
beds—Showing |50] 064 00yy
approximate
strike and dip
276 Inclined beds— 5 e 600 0004
. . - .75 diamet
30 Showing strike _375%\13,0 . o 063 Oxxx
and dip. Top of | 5.0 064 00yy
beds known
from local fea-
tures
217 o Overturned beds— Uk, | s 15 600 0005
Showing strike .875% —S{i 525 1ad 063 Oxxx
and dip | 5.0 | "0 TAqILS 064 00yy
— ui-6
278 Overturned bec.is Use only on maps wherg 625 radius V.15 600 0006
65 Showing strike top direction may be in 75— 85 1 063 Oxxx
—— . ]..d
and dip. Top of douht .75 dismeter | 5.0 | 064 00yy
beds known
from local fea-
tures




Reference

>
-~
@

2.7.10

271

2712

2713

2.7.14

2.7.15
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Beds overturned s L/U"G 600 0007
ks more than 180 1.375 — \ 2375 radius 063 Oxxx
degrees— | 5.0 064 00yy
Showing strike
and dip
- Vertical beds— 176 —— 0600 0001
Showing strike |5.0 063 Oxxx
064 0090
Vertical beds— Use on maps where top [/15 0600 0004
—3 Showing strike direction may be in 75 diameler;l— 063 Oxxx
and direction of doubt ' 064 0090
top of beds; top
known from
local features
Greded bedding 15 600 0001
2 _ 24y
2 875—|-|=Ti 55 063 Oxxx
5 4 064 00yy
Ornament 0700001
Overturned 625 radius L/U(_,G5 600 0005
_Jv graded bedding 875 = N ¥ 063 0xxx
| 5.0] 064 00yy
Omament interrupted Ornament 070 0002
around dip symbol
Attitude of U 600 0001
A bedding in o= 2ts 063 Oxxx
crosshedded 7|I5 625 radius 064 00yy
rocks ' QOrnament (70 0003
Attitude of bed- g 600 0005
5 ding in over- .875:,,:35,,“_\ 063 Oxxx
turned and 7||5 .625 radius 064 OOW
crossbedded Omament interrupted Ornament (70 0004
rocks around dip symbol




MEASUREMENTS OF BEDDING SURFACES FROM AERIAL PHOTOGRAPHS
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Symbols for the strike and dip of beds determined from aerial photographs may be used on reconnaiscance geologic maps.
These should not be used on standard geologic maps. Such measurements should be checked in the field, and after verification,
standard strike and dip symbols should be employed. These symbols are shown below for the sake of completeness.

Reference
number

e
-~
—
=)

2117

2718

2719

2.1.20

28.1

282

283

284

Attitude from

B Horizontal beds 2125 ¥ 600 0010
' ' ! image
75 Symbo! 0610129
Gently inclined Dip determined as >0°-30° 1']?|75 Attitude from 600 0010
- beds i image
5 Symbol 0610130
Moderately Dip determined as >30°- 60° ﬁ Attitude from 600 0010
—u— inclined beds 875—=—u— image
Symbol 061 031
Steeply inclined Dip determined as >60°— <90° ﬁ Atiitude from 600 0010
—w_ beds |-5“”0-| image
Symbol 061 0132
e Vertlcal and near- — +a_' Attitude from 600 0011
vertical beds R image
Symbol 0610133
2.8 FOLIATION AND LAYERING IN IGNEOUS ROCK
Massive igneous | Foliation and lineation are -5 diameter .| 600 0018
rock absent. Symbol used to S
show that ohservation 125
has been made at the
locality indicated
® Horizontal Horizontal flow foliationor ~ #75emers o 0 600 0020
foliation In layering in igheous rock o 064 0000
igneous rock
0 Inclined foliation | Inclined flow foliation or JUre 600 0020
— in igneous layering in igneous rock. 875—_1_ Rotation 063 Oxxx
rock—Showing | |fdip angle is omitted, o Dip 064 00yy
strike and dip symbol indicates gen-
eral direction of dip
0 Crinkled or 1.0 ’3""”5.‘« 10y s 600 0022
A~ deformed folia- ITEE=AC Rotation (063 Oxxx
tion in igneous /s Dip 064 00yy

rock—Showing
strike and dip




: Reference
< Number

N
[we]

286

287

288

288

28.10

281
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Vertical foliation in

Strike of vertical flow

600 0020

—— ——__1.75
igneous rock— foliation or layering in /500\ Rotation 063 Oxxx
Showing strike igneous rock Dip 064 0090
Vertical or near- | Folded or warped flow foli- ’-0’3"’“5\ 18 600 0022
~0~ vertical crinkled ation in igneous rock ,"-0-", Rotatian 063 Oxxx
or deformed 50 Dip 064 00yy
foliation in igne-
ous rock—
Showing
approximate
strike
Horizonta!I cumu- 2_'?5"5;.’;;:’ 600 0024
& late foliation in gp=55 064 0000
layered igneous
rock
Inclined cumulate | if dip angle is omitted, P 600 0024
10 foliation in lay- symbol indic ates .375:_7_&:5 Rotaticn 063 Oxxx
ered igneous general direction of | 5.0 Dip 064 00yy
rock—Showing dip
strike and dip
92 Crinkled or 12 "/5 600 0025
ko= deformed cumu- 375 ==k=x=.3 Rotation 063 Oxxx
late foliation in 1.0 radius Dip 064 00yy
layered igneous
rock—Showing
approximate
strike and dip
0 Inclined cumulate 75 diameter 155/ 600 0026
= foliation F-?_O—I Rotation 063 0xxx
parallel to ' Dip 064 00yy
upright layering
in igneous
rock—Showing
strike and dip.
Top of layers
known from
local features
Inclined cumulate U"SA 15 600 0027
&7{; foliation paral- ._=7£,=¢ Rotation 063 Oxxx
lel to over- “\,625 radius DID 064 OOW
turned layers
in igneous

rock— Showing
strike and dip.
Top of layers
known from
local features




Reference
number

Lt
oo
-
N

2813

2.8.14

2.8.15

2.8.16

2.8.17

2.8.18

600 0024

== Vertical cumulate 225 _===135
foliation or lay- Rotation 063 Oxxx
ering in igneous Dip 064 0030
rock—Showing
strike
Vertical cumulate .75 diameter, 600 0023
— follatlor:( in Igne- l_—,':l Rotation 063 Oxxx
ous rock— 5.0 :
064 Q0
Showing strike Dip 4 0030
and direction of
top of layers
known from
local features
25 Vertical or near- % 600 0025
~= vertical crinkled 375 =A== 3 Rotation 063 Oxxx
or deformed 10 radius Dip 064 00yy
cumulate folia- ’
tion or layering
in Igneous
rock—Showing
approximate
strike and dip
. 2.75 diameter
Horlzor.xtal com- 5 “’,eight\ Weight of 600 0028
) paction folia- @ diamond. 125 064 0000
tion in ash-flow oo\
tuff
2 Inclined foliation ;zwﬁ 600 0028
— in ash-flow tuff gr5=_%0 Rotation 063 Oxxx
L Dip 064 00yy
Crinkled or 1.0 radijus 600 0029
e deformed com- ol 375 Rotation 063 Oxxx
pactlion folia- 50 Dip 064 00yy
tion in ash-flow
tuff—Showing
approximate
strike
e Vertical or near- ———15 600 0028
vertical compec- Rotation 063 0xxx
tion foliation in Dip 064 0090

ash-flow tuff—
Showing strike




2.9 FOLIATION AND LAYERING IN LAYERED METAMORPHIC ROCK
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The symbols provided below apply to all layered metamorphic rocks. The text uses layered gneisses as the principal

example.
[ ]
e |
§ s e
& E
o 3
m < T B
291 Horizontal folia- 25diameter, 600 0011
® tion. in layered /‘g\* 175 064 0000
gneiss
292 Horizontal folia- P 600 0001
@ tion parallel to ® 064 0000
bedding in lay- 600 0010
ered gneiss 064 0000
293 Inctined foliation | If dip angle is omitted, SUe 600 0011
o in layered symbol indicates gen- 875—=_ =5 Rotation 063 Oxxx
gneiss—Show- eral direction of dip 50 Dip 064 00yy
ing strike end
dip
2.9.4 2 Crinkled or 1.0 radius zof 600 0012
~A~ deformed folia- .:J75=\T-~a‘v~l='5 Rotation 063 Oxxx
. 5.0 .
;l::i;n Iay::)ev:i- Dip 064 00yy
ing approxi-
mate strike and
direction of dip
295 b Inclined foliation 75— L =75 6000014
para.:ll:l :,od . /60"\ Rotathn 063 0xxx
upright beds in Dip 064 00yy
layered gneiss—
Showing strike
and dip. Top of
beds known
from local
features
2.96 ‘5 inclined foliation 45¢UM 600 0016
e parallel to over- d— Rotation 063 Oxxx
::;:::db;:; ;:_ 62518 d’.usﬁ Dip 064 Oyyy
Showing strike
and dip. Top of
beds known
from local fee-
tures
297 —— Verticalfoliationin —+ 175 600 0010
layered gneiss— /0P Rotation 063 Oxxx
Showing strike Dip 064 0090
298 Verticalfoliationin | Dot indicates top of beds .75 dismeter. .15 600 0014
—4 layered gneiss— —4= Rotation 063 Oxxx
Showing strike Dip 0640
and directlon of P R
dip. Top of beds
known from
Jocal features




Reference
number

N
g
w
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Vertical or near-
vertical crinkled
or deformed
folation in lay-
ered gneiss—
Showing
approximate
strike

1.0 radius

~p~— 375
| 5.0]

600 0012
Strike 063 Oxxx
Dip 064 00yy

2.10 JOINTS

The accuracy of location is indicated by the pattern of the line, as for contacts and faults.
The preferred phrasing used for traces of joints is:
Joint (or master joint}—Dashed where approximately located

Use symbols having filled boxes for joints unless two sets are to be distinguished. Use open boxes for joints of a second
type. Provide definitions of both types in the explanation, such as mineralized, second generation, or the like.

If observations of several joints are made at the same locality, the strikes and dips of the several joints may be shown as illus-
trated below. The locality of observation is the point of junction of the strike line. Rotation value is degrees clockwise from north
(from 0°). Index point is the site of measurement and is the point common to all the strike lines in symbols for multiple joints.

2.10.1

2.10.2

2.103

2104

2.105

2.10.6

2.10.7

Horizontal joint | Type 1jointiftwo typesare 2375 dameter. 600 032
® present ®=r12 064 0000
Horizontal joint | Type 2 joint 2.375 dizmeter. | 600 032
© @125
57 064 0000
067 0002
Inclined joint— | Type 1 jointif two types are e 600 032
2 Showing strike present 65— R _ Rotation (063 Oxxx
and dip 50| Dip 064 00yy
Ea Inclined _ioint—-. Type 2 joint G- 35 ‘215 600 032
Showing strike |50 Rotation 063 Oxxx
and dip Dip 064 00yy
067 0002
—a— Vertical joint— Type 1jointif two types are 1.25 :T 600 032
Showing strike present 1.125 Rotation 063 Oxxx
Dip 0640090
. Vertical joint— | Type 2 joint N 600 032
Showing strike 50| Rotation 063 Oxxx
Dip 064 0090
067 0002
Trace of joint— Traces of joints are Draw in black Joint 660 0014
5 Dashet{ where mapped to show impor- szw-s
)//’? approximately tant joint systems in ,_75%(\/}/(
located areas of abundant out- 5
Length may vary
- crop B o Width
,/#,/ Ticks may be added to }\/ijf 1o may vary Approximate 060 0001
- show dip for any surface  —~ A _




Examples of use for multiple joints

Multiple joints of a
single genera-
tion

Sequence of codes
listed clockwise
from 0 degrees

Joint symbol
Rotation

Dip

Index point
Joint symbol
Rotation

Dip

Index point
Joint symbol
Rotation

Dip

Index point
Joint symbol
Rotation

Dip

Index point

607 0032

063 0020
064 0060
067 0001

601032

063 0062
064 0054
067 0001

600 032

0630115
064 0090
067 0001

600 032

063 0146
064 0048
068 0001

55

Multiple joints of
two different
types

Joint symbol
Rotation

Dip

Symbol type
Index point

Joint symbol
Rotation

Dip

Index point
Joint symbol
Rotation

Dip

Symbol type
Index point

Joint symbol
Rotation

Dip

Index point

600 032

063 0340
064 0048
067 0002
068 0001

600 032

0630110
064 0055
068 0001

600 032

063 0205
064 0090
0€7 0002
0€8 0001

6C0 032

0€3 0300
0t4 0045
0€8 0001
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2.11 ROCK CLEAVAGE

2.1-31

If two or more types of cleavage are distinguished, all types should be described clearly in the explaration. that is, as slip,
shear, or axial surface cleavage. Plot all symbols by using a line width of 0.15 mm; strike line and lines of cross, 5.00 mm long;
ticks, 1.00 mm long.

Reference
number

[
—
—_
—

211.2

2113

2114

2.11.5

2116

Horizontal Type 1 cleavage if two 3.175 dia(nater‘ 600 0030
- .15 weight 3.1,
s cleavage types are present +§3575 064 0000
R Space
.35 dash

I Horizontal Type 2 cleavage '15\,_1_‘:1. 125 600 0030
cleavage (3.1 064 0000
067 0002

20 Inclined cleav- Type 1 cleavage if two 20 —10 600 0030
age—Showing types are present | 5.0 Rotation 063 Oxxx
strtke and dip Dip 064 00yy

- Inclined cleav- Type 2 cleavage 25¢,w-a 600 0030
w2y agt.a—Showing tjl’—llizf 0 Rotation 063 Oxxx
strike and dip 5 5 Dip 064 0002

—_ Vertical cleav- Type 1 cleavage if two —1.5 600 0030
ag?—Showmg typeg are present | 5.0] Rotation 063 Oxxx
strike Dip 064 0090

H—t Vertical cleav- Type 2 cleavage —H 1.5 600 0030
ag?—Showing Rotation 083 Oxxx
strike Dip 064 0090
067 0002

2.12 MINOR FAULTS AND VEINS

Symbols representing observations of minor faults and veins are most useful when representing restricted data, such as

observations made at roadcuts in terrain where minor faults and veins cannot be traced.

2121

2122

2123

2124

a0 Minor fault(s)— Symbol used for fractures ﬂ;gs 600 0009
- Showing strike having displacement rars— 0¥ Rotation 063 xxxx
and dip thatis in contrast to |55 | Dip 064 00yy
Minor fauttisi— | 1005 a 600 0009
—t Vertical 25— Rotation 063 Dxxx
|55 | Dip 064 0090
70 Vein(s)—Showing | Minor veins or mineralized 5— 70¢’3 600 0031
strike and dip fractures Rotation 063 Oxxx
Printin color, butnotin red Dip 064 00yy
2
Minor vein(s)— or black to show type o1 Y 600 0031
Vertical minera .SC 25 Rotation (063 Dxxx
percent on black-and- | 5.5 | Din 064 00
white maps Normally shown in color P 64 0090










Refsrence
number

2.1-2

Contact—Inferred,
queried where
uncertain

Existence of the
contact, as well as its
location, must be
inferred from
indirect evidence

1.5 U-8
Alkazs g

| !

5 5

Contact 6600001
Inferred 060 0002

Query 6110100
Rotation 063 0xxx

The inferred contact symbol is used on a part of a contact where the existence of the contact cannot te determined directly
by observation or by interpolation between observations. The location of queries is to be determined by the compiler.

2.14

Contact—
Conceeled

Dotted line represents
trace of contact
beneath a covering
unit or water

Contact 660 0001
Concealed 060 0003

Concealed (dotted) contacts are drawn beneath a mapped geologic unit or water. The dotted line represents the trace of a
contact that is buried beneath a cover unit and is projected to the Earth’s surface. The location is approximate unless otherwise

noted.

2.1.5

216

Contact— Indicates gradual 325 space 1.25 Contact 660 0001
(TS Gradational change in lithology m||||||||ms|||mn|+||||||||||m|m||m|i Gradational 060 0004
across contact, position 15
arbitrary at map scale
SNSRI Line symbol PRI
{above) preferred 30%-120 lines

perinch at 45°

Draw line segments perpendicular to trace of boundary centered on the trace (best estimated position between mapped units)
to indicate gradual change of lithology or intertonguing of units that cannot be shown at map scale. Use sparingly. Show in black.

21.7

218

219

Point of triangle
shows locality
where feature
can be seen,
here a contact
between igne-
ous rocks

Labels indicate observed
feature

Triangle 600 0104
Rotation 063 0xxx

Label O indicates
older unit

Label Y indicates
younger unit

0 and Y used to label local-
ity between igneous
units where relative

ages can be determined

0 6110120
Y 6110122

Triangle designates a place where the contact can be seen; O and Y are used to identify relative ages de‘ermined for intrusive

or extrusive rock units at the designated locality.



Reference
number

N
—
-
=

2.1.31

Contact—Tick indi-
cates dip of con-
tact

If the tick is not shown with

the angle of dip, tick indi-
cates general direction
of dip

A given angle of dip indi-

cates measurement of
true dip direction and
magnitude

15y U6
15_ ¢

1.75
.125

Contact 600 0100
Rotation 063 Oxxx

600 0100
Rotation 063 Oxxx
Dip 064 00yy

65

Contact—arrow
shows direction
and plunge of
linear feature on
contact surface

Arrow lineweight .15
3.0 \ gge U6
\ Ny

125 %[ k\v.(so

Symbol 600 0102
Rotation 063 Oxxx
Plunge 064 00yy

Tick shows direction of true dip of a contact or other surface. Use the same line weight for the tick as for the contact. If the
tick mark is not shown with a number, tick indicates general dip direction. If the tick mark is shown with the dip angle, symbol
indicates a measurement of the dip of the surface at the locality indicated by the tick. The arrow symbol is used for lineation on
the contact surface.




BOUNDARIES LOCATED BY GEOPHYSICAL METHODS

2.1-4

Geophysical methods generally define boundaries between rock bodies by measured contrasts in rock properties. If such
boundaries are concealed, the survey may not identify definitively whether the boundary is a contact or a fanlt. In cases where the
boundary is identified as a contact from other supporting evidence, or where the geologic character of the boundary is uncertain
but is likely a contact, the patterned lines and labels provided below are used to represent the boundary on a map. If a boundary is
identified definitively as a fault by the geophysical survey or from other evidence that contributes to the survey, use line symbols
for faults defined by geophysical surveys (symbols 2.2.7 to 2.2.10).

Location of a survey line is shown by a cross tick. The map explanation should describe briefly the method of survey and
should specify the uncertainty of location inherent in the method. Data points for a gravity survey and data values should be
shown by symbols and values. Use the line pattern shown below for ground magnetic survey when drawirg contacts located by
the use of gravity and radiometric surveys.

Explanation and coding tables must specify type of survey. Use survey station symbol to indicate cont-ol points for survey.

Reference
number

A
—
pove
(%)

2112

2.1.13

21.14

21.15

2.1.16

2197

2.1.18

23.19

Boundary— Technique and 3~5| . Contact 660 0001
—_ e —- Located by accuracy should be - 22S
: L §
?::t':]:f:ca' described in map expla- k.s Contact from 060 0124
nation ae-omagnetic
survey
Contactfrom 0600125
ground mag-
netic survey
Contact from 0600126
grevity survey
Contact from 0600128
radiometric
survey
5 < U-8
___AM Label AM indicates aero- . 2 Lf-\t__@ AM 6110124
magnetic survey k\s
oM Label M indicates ground M 6110125
magnetic survey
N I Label G indicates gravity G 6110126
survey
__..__R Label R indicates radiomet- R 6110128
ric survey
AM Ticks indicate Orientation of cross ticks "B AM Cross tick 6200130
e - survey lines follows survey line K Rotation 063 Dxxx
77 |Data collectlon Location meets map N T T 650 000n
- — — line— accuracy standard - T
P Accurately " Dash 3.75 to 6.25
s loceted s Space 3.75 to 25.0
p e // Data collection Location may notmeet map '1>/ /// ’ 651 000n
line—Aerial accuracy standard g;j’;: Sho 150
. 0 .
/_/ survey pd
Survey stetion 600 0105
Dot diamaeter .3
A A5 A 175
N




2.15 LINEAR FEATURES

2.1-34

The list below includes some of the kinds of linear features that may be used on geologic maps. Ir this list, B lineations
parallel minor folds, and A lineations are in the direction of slip. The plunge angle should be given wherever known. Coding for
rotation and posted angle are not shown for all the symbols below.

Codes for types of lineation:
060 0051 Aligned elongate minerals
060 0052 Aligned minerals or streaks

Reference
number

(o]
—_
wn
a

2.15.2

2153

2.15.4

2155

2.156

2.15.7

2.15.8

Lineation systems:

600 Minor fold axes (use codes on previous pages)

Lineation— Linear feature but type not ‘275 600 0050
—20 §h0win9 beer- designated. Used gener- @—ﬁ” Bearing 063 0xxx
ing and plunge ally in combination with 125 Plunge 064 00yy
a symbol representing a
planar feature
Horizontal Lineation, type not ;/5 600 0050
H lineation designated 50| 063 Oxxx
064 0000
Verticel lineation | Lineation, type not “"51(- 15 600 0050
+ designated _4:5;] | 064 0090
1.375
Lineation, mineral | Aligned elongate minerals ¢U'7 600 0051
W on a foliation surface /k _ 063 Oxxx
thatis parallel to minor o t‘;s 78 diametor 064 00yy
folds (B lineation)
Lineation, mineral | Aligned mineral streaks b 600 0052
r streaks on a foliation surface 1l
(A lineation) 57
Slip lineation Slip lineation, groove, or ¢U'7 600 0053
o striations on a foliation '75\4‘5/;\\
surface s/ 125
Flow fineation Linear feature on flow foli- ad 600 0055
)24 ation surface indirection 3
of flow (A lineation) 15
. Lineation, flow Minor fold axes formed by 73 d’*’mﬂfﬂféﬁ 600 0056
folds flow (B lineation) | 5.0




Reference

N
-—
w
(4]

2.15.10

21511

2.15.12

2.15.13

21514

2.15.15

2.15.16

2.15.17

21518

2.1-35

Flow direction Linear feature oriented by _1@ 600 0057
flow, such as an aligned W
spindle-shaped xenolith )
. . U7
Lineation— 5 ¥ 600 0058
Aligned mineral M5
grains in cumu- »{| |50
late rocks 1_372
Lineation— T 600 0059
Trough banding _;'.[*71 o
in cumulate 1.5
rocks
Lineation—Flow -0 diameter 600 0060
direction In ash- 25 O
flow tuff %le
Lineation—Minor -0 digmeter, 600 0061
folds normal to AT
flow in ash-flow 18
tuff
Lineation at inter- S 600 0062
section of bed- @*7'375
ding and
cleavage—
Showing bear-
ing and plunge
Lineation atinter- SN 600 0063
section of folia- —H»_r.375
tion and 5
cleavage—
Showing bear-
ing and plunge
Lineation on cleav- 7‘r|7 5 600 0064
age surface— o> 10
Showing bear- |
ing and plunge 15
Slip lineation on a | Use for a feature such as a 15 g‘” 600 0065
fault or shear slickenside indicating A8,
surface—Show- |  girection of offset el
ing bearing and 1.75
plunge
Penetrative Used in combination with 5.0 600 0067
lineation— foliation symbol. Element 1.25 ——>
Showing bear- I

ing and plunge
in combination
with foliation
symbol

is not a lineation on a
foliation surface








































2.1-48

[ ]
-
¢ 3
QE
© 3
x c _ , _ 1 111l
2.24.5 Crater or sinkhole- | Too small to show rim at Height .75 600 0080
Spacing 2.0
Q hole—Formed map scale K:}“Js

by shock

2.246 T T Sunken ground— N 640 0146
N Showing outer L
. Weight .15

limlts of subsid- Height .75

ence Spacing 2.0
2247 T Fault scarp— 2T 640 0140

Showing top L

Weight .25

edge of scarp. Height .875

Ticks point Spacing 2.5

downscarp




2.149

2.25 IMPACT CRATER FEATURES

Additional codes to use with traces:
060 0001 Approximately located
060 0003 Concealed

For recent features, date traces by using major code 0071 and a minor code such as the date of the year (if more information is needed
for an impact feature, use a lookup table):

071 aaaa Example: 071 19%4

s I T T T _
Q iy
£ Car Cod i
- 2 N
5t  specifications o
2.25.1 ° Impact crater Symbol used for a crater PY 600 0151
too small to outline at Diameter 2.125
map scale
2.25.2 °® Impact crater, ® 600 0152
primary Diameter 1.625
2.25.3 Ie) Impact crater, 0o 600 0152
secondary-— Diamf).ter 1.625
Formed by Weight.2
debris thrown
up from pri-
mary crater
2.254 C} Impact crater— 2 &@e Diameter 4.0 640 0151
Without a raised 4
rim Weight .2
Height .75
Spacing 1.25
2.25.5 Impact crater— -2~ x4 o Diameter 3.5 640 0152
Q Showing rim Q
=2 weight
1.0 height
1.625 spacing
- 25, -
2.25.6 g \} Impact crater— =, \} 640 0154
(\ / Showing outer (\ /
~—=7 boundary of ~—7
Dash length 2.0
floor Space .5
2257 s Complex impact 2 . 640 0156
L crater—Show- v
ing outer Dash length .75
boundary of Space .375
central mound
2258 o Palimpsest area Map as an ejecta unit if Diameter.2-25_ 690 0098
. Spacing varies .} . -
thick rather than as a s
palimpsest area
2.25.9 L Palimpsest area Symbol is composite of 640 0152
AT around impact 2.25.4,2.25.6,2.25.7, and 640 0154
feature—Mor- 2.25.8, as applicable 640 0156
phology of area 690 0098
surrounding cra-
ter obscured by
ejecta




2.1-50

2.26 PALEONTOLOGY

2.26.1 FOSSIL LOCALITY SYMBOLS

In the interest of preserving fossils resources, land management agencies at all jurisdictional levels an- private land owners
may not want specific fossil localities identified on published geologic maps. The author of a geologic map is responsible for
ascertaining the policy of the agency or private party regarding publication of locality information, as wel’ as for obtaining per-
mission before publication to show a collection locality on a map.

The collection accession number is assigned if a collection has a formal collection number in the catalog of the institution or
organization responsible for preserving the fossils and, as necessary, if permission has been obtained from the land management
agency to show the collection locality.

Code for locality
607 000T  Locality T denotes lookup table number
071 nnnn Collection accession number nnnn denotes accession number from lookup table
2.26.1 Fossil locality— 50, LUB Symbol 607 000T
& D4426 Showing collec- 259 D428 Accession 071 nnan
tlon accession Dot dismeter .5 number
number
2.26.2 Fossil locality— % 607 000T
X Fossils not 2.375_X=,
accessioned




2.26.3 FOSSIL SYMBOLS FOR STRATIGRAPHIC COLUMNS

2.1-51

Draft or reproduce symbols as shown. Fossil symbols are not referenced spatially by geodetic coordinates to a map area.

2263

2264

2.26.5

226.6

2.28.7

2.26.8

2.26.9

2.26.10

2.26.11

2.26.12

2.26.13

2.26.14

2.26.15

2.26.16

2.26.17

2.26.18

2.26.19

2.26.20

2.26.21

2.26.22

Reference
number

Acritarchs

Algae

Ammaonites

Archaeo-
cyathids

Belemnites

Bones

Brachiopods

Breckish-
water fossils

Bryozoa

Calcareous
nannoplankton
(coccoliths)

Cephalopods

Charophytes

Chitinozoans

Conodonts

Corals

Crinoids

Diatoms

Dinoflagellates

Echinoderms

Echinoids

Reference
number

2.26.23

2.26.24

2.26.25

2.26.26

2.26.27

2.26.28

2.26.29

2.26.30

2.26.31

2.28.32

2.26.33

2.26.34

2.26.35

2.26.36

2.26.37

22638

2.26.39

2.26.40

22641

Fish remains

Fish scales

Foraminifers,
in general

Foraminifers,
larger

Foreminifers,
smaller and
benthonic

Foraminifers,
smaller and
pelagic

Fossiis,
abundant

Fossils, in
general

Fossiis, sparse

Fresh-water
fossils

Gastropods

Graptolites

Hyoliths

i

Insects

Lamellibranchs
{pelecypods)

Leaves

2 |¥ € <

Marine fossils

@

Microfossils,
calcareous

Microfossils,
in general

Reference
number

2.26.42

2.26.43

2.26.44

2.26.45

2.26.46

2.26.47

2.26.48

2.26.49

2.26.50

2.26.51

2.26.52

2.26.53

2.26.54

2.26.55

2.26.56

2.26.57

2.26.58

2.26.53

2.26.60

2.26.61

?m} a2
type

Needles

Oncolites

Ostracods

Plant remains

Pollen and {or)
spores

Radiolaria

Roots

Rostroconchs

Rudists

Silicoflegel-
lates and (or)
ebridians

Spicules

Sponges

Sporomorphs

Stromatolites

J¢

Stromatop-
oroids

Teeth

Trace fossils

Trilobites

Vertebrates

Wood







Reference

2.29.2

2293

2.29.4

2.29.5

2.29.6

2297

2.29.8

2299

22910

2.29.11

2.29.12

2.29.13

22914

2.29.1%

2.28.1%

2.29 MINING AND MINERAL EXPLORATION

2.1-53

Drill hole for min-

Diameter 1.375 .

600 0200

4
o erel exploration O« 15
- Inclined adit— Orientation indicates 125 Adit 620 0100
Having a tunnel azimuth of adit. Intersec- s Rotation 063 Oxxx
entry tion of lines forming
symbol is placed at map
o Inclined adit— position of adit 1.5 >+=125 Inaccessible 620 0102
Inaccessible |35| adit
.55 radi
o Portal T ke ;‘i‘;m 630 0103
Portal and open “T,L‘:‘; ,‘ff .55 radius 630 0107
T cut Space 1.0 \:‘]:
4 Vertical mine shaft 2.0 Pe-125 Shaft 630 0100
444 Muitiple shafts (4 44l
Vertical mine U7 Inaccessible 630 0101
BA shaft—Aban- BIA~ shaft
doned or inac-
cessible
L4 Inclined mine shaft | Orientation indicates loca- | Inclined 620 0114
tion of entry at surface = Rotation 063 Oxxx
Inclined mine Inaccessible 620 0115
4] shaft—Aban- A< U7 shaft
doned or inac- Height 1.0
cessible
X Prospect (pit or 2 weight =X __1.75 630 0102
smell open cut) sor
X Sand, grevel, clay, X125 630 0104
or placer pit 60/ ",
Sand, gravel, clay, 125 weiohs 630 0106
X or plecer pit— 1.5 dash length ™% -
Abandoned v 3125
Open pit, quarry, Hammerhead .3 1.625 radius 630 0110
R or glory hole AXe 125
Open pit, quarry, 1'5\3 \//1'5 6300112
or glory hole— . '%r\

Abandoned

3125~ Middie of pick .25

7 /]

Trench

Trench—Drawn to
scale

Length of bar between > <
ends may be extended if
required in order to rep-
resent full length of
trench; bar follows
direction of trench

.25
N
45
Hachure height 1.0
Hachure space 3.0
Weight .2

Trerch symbol 620 0104
Rotation 063 Oxxx

Trench drawn 6400113
to scale




Reference
Number

8

2.30.2

2.30.3

2.30.4

2.30.5

230.6

2.30.7

2.30.8

2309

2.30.10

2.30.11

2.30.12

2.30.13

2.30.14

2.30.15

2.30 MAPS OF MINES AND UNDERGROUND WORKINGS

2.1-54

No coding assigned

.125’*9 25

25

b Mine shaft— 20__@
Above and
below level
Inclined mine »r No coding assigned
e shaft—Above [ %
1
and below level 1.5
2 Bottom of mine 125> No coding assigned
shaft
A Winze or heed of % No coiing assigned
raise
X Reise or foot of X No coding assigned
winze
e Raise or winze b No coding assigned
extending
through level
1.5 . .
Ore chute -725.\ I No coding assigned
—0— 20 U —
. N 2.0 ; ;
Incflmed work .125\ - angle 45+ | NO coding assigned
ST ings—Above 20" T T e qua;e .5;
end below eight .075
level. Chevrons
point down
incline
. 125 Weight .1 : ;
< Stope Different patterns may be 2RO\ Space .75 No coding assigned
NN used to indicate type of SN pattern 226
rock or ore removed at 135°
.125 . .
Elevation of roof \ 6% No coding assigned
R or back 1.0—=
2801 2807"
“~uré
2809 Elevation of floor U6 — 2809° No coding assigned
Y, U
or sill
2000000 Lagging or crib- ’55—_;%11.75 No coding assigned
Soodooo bing along drift 1257 “~Diameter .75
Weight .1
Space .75
3.0 ) .
L Caved or other- Dash 1.5 s No coding assigned
B i—— wise inaccessi- Weight 1256 Z— —
bl i Space .5 W *
e workings 125
Diamond drill JUre No coding assigned
65 hole—Showing Diamel:e.r 1.25 o -65 I\ —15
inclination. Neg- Weight .15
ative angles
show down-
ward slope
A Crosscut tunnel 1.25 radivs No coding assigned




2.1-55

8
A
s 3
| o
o E
‘s 3
e &
__- Solid black i i
2.30.16 Rubble g S0/id blac No coding assigned
Dash 1.5 ; :
2.30.17 - Stoped area— 125, e No coding assigned
s \“ Space.5
&;. AN Dashed where { _  le=hoo >
Pattern 226 N Dot .3
inferred Space .3
2.30.18 F Backfilled stope 125 F\U,,g No coding assigned
/(f/ ) 4,2
Pattern 226 T\,375
2.30.19 — - Mine tunnel and Use dashed or dotted finesto ~'%° ... —Spacing | No cnding assigned
workings show sources of informa- A may vary
ti f . liability: Dash 1.75 Dot .5
on of varying reliability; Space .5 Dot 5
give source in map expla- pace .
nation
2.30.20 : : Shaft and tunnel— Dgsh 1.75 | | No cnding assigned
. ) 5 i
bl I\.|aar Ime. of sec WBig‘;;?‘.x;zs | L——— — Spacing
b—— tion (projected — ==~ —mayvary
to section)
2.30.21 =N Mine dump— g%ﬂ%\ No cnding assigned
Section view Weight .1
Spacing .75
Pattern 226 at 45°










Reference
number

8

2.336

2.33.7

2.33.8

2339

2.33.10

2331

2.33.12

2.33.13

2.33.14

2.33.15

2.33.16

2.33.17

23318

23319

233.20

2.33.21

233.22

233.23

2.1-58

Hole drilled for

Weight .15

Drill hole 600 0220

Dry hole . Diameter 1.5
hydrocarbon exploration Bar .625 Dry 060 0200
Dry hole converted 600 0220
to water well < shorbar 625 060 0213
060 0200
T5& ‘
Dry hole converted 1 77?‘\4’ lﬁ 600 0220
to injection well 7875 060 0212
Show of oil o Diameter 1.5 600 0220
Weight .15 060 0207
Oil well Oil is principal or sole < Diameter 1.5 600 0222
commodity produced
Shut-in oil well - 600 0222
060 0205
Abandoned oil Drametar 1.5 600 0222
well Weight .15 060 0202
Abandoned oil 1754 /2 600 0222
weil—Con- %’?#375 060 0210
verted to water
well
Abandoned oil 7'73* -5 600 0222
well—Con- /%75 060 0212
verted to injec-
tion well
Capped oil well Lng‘r);: _7;;5875 600 0222
Weight .15 060 0204
Show of gas Woorea® 600 0220
Short bar .625 060 0208
Gas weli 2 Dismiar 15 600 0224
Bar .625
Weight .15
Shut-in gas well o Digrge:er 15 600 0224
Short bar .625
Lorc;; b:r 1.375 060 0205
Weight .15
Abandoned gas 3 Digge:er 15 600 0224
weil fgggé’:r’ '7_":5755 060 0202
Abandoned gas 600 0224
well—Con- oy 060 0212
verted to water
well
Abandoned gas 3733,2;:51. . 600 0224
well—Con- Short bar .625 060 0210
verted to injec- Long bar 1.375
tion well
Top of T 875
Capped gas well o H‘;f‘)gzrjs 600 0224
Wej .15
Shia%htgar 625 060 0204
Show of oil and S=1 600 0220
gas 060 0209
Qil and gas well »* 600 0226




2.1-59

Q
Q |
3
2 E
© 3
< c
2.33.24 ¥ Shut-in oil and gas = = 600 0226
well 060 0205
2.33.25 P4 Abandoned oil and P 4 6000226
gas well 060 0202
2.33.26 Abandoned oil and 172 % /% 600 0226
» gas well—Con- HorSsss 060 0210
verted to watar
well
233.27 Abandoned oil and gﬁfﬁﬁi&lf 5 600 0226
»* gas well—Con- Short bar .625 060 0212
verted to injec- Long bar 1.375
tion well
2.33.28 =R Capped oil and gas S 600 0226
well 060 0204
2.33.29 px Abandoned well— ,O" 600 0220
Converted to 060 0210
water well
.33 andoned well— Diameter 1.5 [ 600 0220
jod Conv?rted to Weight .15 ~ 7875 060 0213
injection well Bar 1.375
. 60
2.33.31 A Saltwater-dis- N/ pismeter 1.25 600 0220
posal well 275 A\ weight.125 060 0215
2.33.32 ® Water-injection [0} %ti‘;rhﬁ?mr re 600 0220
well Inner diameter .375 060 0213
2.33.33 ® Water-input well 9 '® w:g::e; 51.5 600 0220
. ) 060 0214

2.34 HAZARDOUS-WASTE SITES

The size of the symbols may vary according to the compiler’s preference. If only one or two symbols appear on a map, the
compiler may want to make them larger than they would be if more symbols were present. If possible, stow hazardous-waste

sites in red.
2341 VA Hazardous-waste 2375 7 630 0240
site TN
60°
2.34.2 Hazardous-waste 1]2;5 630 0240
S site—Showing 1125 =<2, =2% 060 0351
direction of sur- 2! |
face-leachate 0
flow from site
2343 v Active (operating) v 630 0240
hazardous- 060 0352
waste site







2.1-61

2.35 GEOLOGIC UNIT LABELS AND SPECIAL CHARACTERS DESIGNATING AGE

2.35.1 UNIT LABELS

Label symbols designate the geologic unit covering each area on a map. Each mappable unit is assigned an abbreviation of
no more than six characters. The first, or the first and second, character is used to indicate the age or age limits of the unit. Addi-
tional letters complete the label for each mappable rock unit in the order of stratigraphic hierarchy (by using only one of the fol-
lowing pairs or individual units: series and formation, group and formation, formation, formation and member) and rock or
sediment type. Unit labels are applied only to mappable rock or sediment units, not geomorphic entities, although sediment units
may be identified in part on their geomorphologic aspect.

2.35.2 SPECIAL CHARACTERS DESIGNATING AGE

The standard set of special characters designating the age of map units is provided in reference numbers 2.35.2 through
2.35.43 below. Most of the letters and special characters given for the ages are of long-standing use. Howeve-. the special charac-
ters for the epochs of the Tertiary and for the age subdivisions for the Early and Middle Proterozoic were ad»pted more recently,
and some of these are defined here officially for the first time. Also provided are suggestions for the digital representation in the
standard ASCII two-character set. That keyboard character set is suggested for a font 99, one specifically designed for rock-unit
labels.

3 |

S

QE

® 3

[»

2.35.2 | Phanerozoic R4 331
2.35.3 | Cenozoic 4 35 #
2354 | Quaternary Q Q
2355 | Holocene H H
2356 | Pleistocene R 363
2357 | Tertiary T T
2358 | Neogene N N
2359 | Pliocene R 37 %
2.35.10 | Miocene M 38 &
2.35.11 | Paleogene R 40 {
2.35.12 | Oligocene Go 4}
2.35.13 | Eocene Eo 42 *
2.35.14 | Paleocene R a3 +
2.35.15 | Mesozoic Mz 45 -




Reference
number

2.35.16

2.35.17

2.35.18

2.35.19

2.35.20

2.35.21

235.22

2.35.23

23524

2.35.2%

2.35.26

2.35.27

2.35.28

2.35.29

2.35.30

2.35.31

2.35.32

23533

2.35.34

2.35.35

2.35.36

2.35.37

2.35.38

23539

2.35.40

2.35.41

Cretaceous K K
Jurassic J J
Triassic L2 60 <
Paleozoic Pz 61 =
Permian P P
Carboniferous C C
Pennsylvanian P 64 @
Mississippian M M
Devonian D D
Silurian S S
Ordovician o) 0
Cambrian € 91 [
Precambrian p€ p91 p(
Proterozoic e 93 ]
Late Proterozoic z Z
Middle Proterozoic Y Y
Middle Proterozoic 1,200-900 Ma Y3 94 A
Middle Proterozoic 1,400-1,200 Ma Y? 95 _
Middle Proterozoic 1,600-1,400 Ma Y! 123 {
Early Proterozoic X X
Early Proterozoic 1,800-1,600 Ma x3 124 |
Early Proterozoic 2,100-1,800 Ma x2 125 }
Early Proterozoic 2,500-2,100 Ma x! 126 ~
Archean A A
Late Archean 3,000-2,500 Ma w W
Middle Archean 3,400-3,000 Ma Vv v
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Reference
number

i
W
(=]
N

2.36.2

2.36.3

2.36.4

2.36.5

2.36.6

8 .

s 2

2 E

QI

x c :

2.3542 | Early Archean 3,800(?)-3,400 Ma U U
2.3543 | pre-Archean >3,800 Ma(?) pA pPA

2.36 MISCELLANEOUS GEOLOGIC FEATURES

2.1-63

Breccia pipe B Y 630 0010
Diamater 1.375
of Coliapse struc- D"""’Vflzf ;ﬂg oC< U7 630 0011
ture—Indicat- gnt.
ing breccia pipe
at depth
6::;) Collapse structure 5. {::) fJVa;Z%eigs 630 0012
or sinkhole Space 1.25
S Crater outline— e Dash 1.25 640 0003
__ Origi.n not (N f.f,’;;f,f;g
specified
Biostratigraphic ul-8 5 Loo“up table 687 000T

zone—Showing
zone boundary

\\acu”te—— [

o

Number for 071 000N

275 zone
. Diametar .5 t
schist... Metatnorphic Show inred v, Space.5 Loo“up table 687 000T
e bolite tacies—Show- “Snschist Number for 071 000N
L i . cacre L
Amp ing boundary 6257= 1+ ";;h'\bo\\te zone

between
diagnostic
minerel
assemblages
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2.37 GEOLOGIC FEATURES RESERVED FOR INTERMEDIATE- AND SMALL-SCALE MAPS
SCALE OF 1:250,000 OR SMALLER

Reference
number

N
w
N
(=]

2527

2.371

237.2

2373

2374

2315

2316

2317

2378

2379

237.10

2311

23712

630 0040

Dome
5.0
“+ o<k,
20°
o Basin 50 »e 630 0041
4 - /l‘s‘.15
20
* Active volcano 2675 % ;\;eé_;;:st 65720' . 630 0023
x inactive volcano 5 Weight 275 630 0025
- "> Angles 45°, 135°
25
o Cinder cone o Weight .15 630 0027
Diameter 1.375
° Diatreme ° 630 0029
Metamorphic core '25\‘ ) 630 0050
complex Q Hachure weight .175
Height .75
Q Spg:e 5
|
3.0
. Salt and (or) shale | Specify type(s} in map e Soli 630 0055
~"e N ) "o @ Solid
diaplrs explanation
ift— Weight .25
@ UPllﬂ Local, Diggmr 5 630 0056
intensely Bar weight .175
disturbed
S Salt dome g7 630 0057
o ®
oS Possible salt dome S g{eight. 7756 630 0058
iameter 1.625
Normal fault— Height 75\, ] 630 0032
Tick to label Waight .25 —>
downthrown
side
\«&\ Graben \.& 630 0033
Reverse fault—R RL/UJ 630 0034

on upthrown
block

N




Reference
number

g

2.38.2

2.38.3

2.384

2.38.5

2.38.6

2.38.7

2388

2.38.9

238.10

2.38.11

2.38.12
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2.38 GEOLOGIC FEATURES RESERVED FOR SMALL-SCALE MAPS
SCALE OF 1:500,000 OR SMALLER

Midoceanic Weight .625 640 0060
ridge— Axis
without a rift
Midoceanic Weight .175 640 0061
ridge—Axis Space .55
with a rift
Deep seismofocal Radius 3.0 640 0063
—— A . — —
zone—Showing 1257 et e 375
surface trace l6.25 ]
- Height .875
Continental Wi ot 640 0065
—r— slope—Show- 3 | 6.25 | /
F—r— —
ing margin 125 2.25
Pattern 132
. . 25 b6OF
. R Ancient spreading - N 640 0067
axis
M v S 00 AT
Weight .225
Space .75
Transform fault— N 640 0068
. Ticks indicate 575 25 L-Weight 15
0 e—— = -
downthrown Hachure 1.0 | 5_0| “Space .5
side, and arrows Vg’efg”f -307755
show direction pace -
of movement
:;2) Basin outline— :;D wigf;,ftlzzs 640 0069
. . eignt .
Triangles point 7\ Spacing 6.25
inward 60
Deep-sea trench— T, Woight 2 640 0180
Showing mar- )220l Pattern 119
gin. Patterned
where filled by
sedimentation
. . 4.5 Weight .175
Oceanic rise— 1% . Height 1.0 640 0182
::j Showing ,u_;: P Space .625
margin 7
175
@ Volcanic ridge or @ ’I‘/Iqughhrg 640 0186
maijor volcanic F aoant 25
2
edifice—Label 2 pace sz
indicates age
or end of
volcanism
Weight .2
2% Guyot 2 Horent 625 Symbol 630 0059
Space.5 0 itline to 640 0077
scale
Seamount—Solid \ 50| & 630 0060

R

triangles indi-
cate volcanic
origin

Weight .2
Height 1.0
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[ 1]
2.
® 2
& E
¢ 3
e c f LIt
2.38.13 Seamount—Too . Weioht .16 630 0062
+ small to outline 325 4 O pirter 1.975
at map scale.
Solid fill indi-
cates volcanic
origin
2.38.14 Recent volcano Weight .175 630 0070
M 3\:1‘& Outer diameter 3.0
2R  Inner diameter 1.375
Bar angles 22.5° apart
2.39 SELECTED PLANETARY GEOLOGIC SYMBOLS
Composite planetary geologic symbols should be described in the map explanation.
2.39.1 Contact—Dashed LWeig;t, ;235 e 669 0001
R where approxi- o e 2 Dot teratt2®| Approximate 060 0001
mately located, Short dash 1.5 Space .5 Inferred 060 0002
Space .5
short d}‘Shed pace Concealed 0630003
where inferred,
dotted where
concealed
2.39.2 Fauit—Bar and bell Weight .375 669 0010
I R on down- R N é‘;’;%‘ﬁi’;ﬁ% Bar and ball 6110056
N thrown side, Ball diameter 875  Dot.5 Arpproximate 060 0001
arrows show Stem weight .15 Space .5 Inferred 060 0002
i irac- Ball-stem height 1.75
relative direc afl-stom helght Concealed 060 0003
tion of move-
ment. Dashed
where approxi-
mately located,
short dashed
where inferred,
dotted where
concealed
2.39.3 Graben Shown by a single line Weight .375 669 0033
2>—._ . ; E D—e&—— [arge ball
where bounding faults diameter 1.375
cannot be mapped
separately
2.39.4 Thrust fault or B 1 5 669 0010
remp—Saw- Angle at top 65°
teeth on upper Triangle spacing 5.0
plate
. Weight .3
2395 | e Lineament | D:Sg e 669 0100
Space .5
2.39.6 Joint or fracture ‘ 669 0014
SRS | pattern SRR wetar 2
2.39.7 Ridge crest, type 1 | May be shown in red Weight .25 No ccding assigned
4 ’ Height of diamond 3.0

Angles-top and bottom 65°
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8
&
®a
2 E
C S
e c i
2.398 O Ridge crest, type 2 O No coding assigned
Woeight of diamond .275
2.399 . , Long ridge crest— ) . No coding assigned
- ' Abrupt termina- ;Veight 2%
tion shown at Tick height 1.75
point of arrow Aol gn 1T
frow 1
or gradual ter- gieate
mination
2.39.10 Scarp base— Weight .25 ‘ .
Y. B pb int Yy Triangle height 1.5 No cocling assigned
arps poin Angle at bottom 65°
downslopa
Weight .25 : .
239.11 oy Scarp top— L+ Hachureweight.2 | NO COCing assigned
Hachures point Hachure height 1.0
downslope Hachure space 5.0
2.39.12 ek usas Lobate scarp— Lt m’c'g(’;:eiil o 10 | NO cociing assigned
Hachures at top gt
] int Hachure space 2.0
of scarp poin
downslope
2.39.13 Basal scarp— Weight .25 No cocing assigned
W Hach tt W Hachure weight .2
achuras at top Hachure height 1.25
of scarp point Hachure space 3.0
downslope
: Outline weight .25 P I
2.39.14 Doma or circular Hachure woight .2 No coding assigned
p' scarp— m \Q' Hachure height 1.25
Hachures point Hachure space 1.25
downslope

2.39.15 Depression Outline weight .25 | No cocing assigned
@ @ Hachure weight .2
Hachure height .875

Hachure space 3.5

39. Trough or narrow Weight .25 i ’
2.39.16 v ough or narro v Trisngle hoight 1.5 No coc'ing assigned
A dapression A Base and top
angles 65°
2.39.17 Shallow linear Normally shown in blue pleight 25| No cot'ing assigned
—rT depression, — """ Dot.375
narrow valley, ‘Space .375
or channel
2.39.18 Furrow Weight .25 No coc'ing assigned
& - Sides of square 1.75 g 9
: Weight .25 ; ;
2.39.19 " Sharp groove May be shown in red " Tick height 1.5 No coding assigned
Tick spacing .825
\ N Weight .25 i i
2.39.20 ; Subdued groove } Tick height 1.5 No coding assigned
2.39.21 o+ o+ o+ o+ Reticulate Pattern 327 + + + + + Weight.15 No cocing assigned
+ + o+ o+ + o+ o+
St L., grooves— LT, + Crossbar length 1.125

) + Diagonal spacing 3.0
Showing trend
















































































































&> Reference
(¥-]
R number

2.39.23

2.39.24

2.39.25

2.39.26

2.39.27

2.39.28

2.39.29

2.39.30

2.39.31

2.39.32

2.39.33

2.39.34

2.1-68

Crater rim—Show- Spacing of O_utline weight .25 No c‘-]ding asslg ned
. tick sets may Tick weight .2
ing crest vary from Tick height .76
3.0to6.25 Tick space .375
. Buried crater rim— . Outline weight .25 H i
_r \ . r \ Dot diameter .25 No COdmg aSSIQnEd
N Showing crest \__J Dash40
' ' Space .375
Crater—Showing | Use + if too small to map Z?Liiﬁfw,-m 1g7s | No cnding assigned
—¢- + central peak outline —¢— -+ Etiptical height 2.625
Bar length 1.5
Crossbar length 2.375

Crater floor—

Use dot if crater is too

Outline waight .2

No coding assigned

0OOe . . OO~ Solid circle diameter .875

Showing pit. small to map rim

Circle outlines

rim
:'“'o. Palimpsest ring :'“‘.. Diamater .875 No coding assigned
. LI Space .375

Ejecta—Light-

Pattern 122 in black or red

No coding assigned

Pattern 122
colored s
Ejecta—Dark- Pattern 7085 in black or pattern 7085 | NG coding assigned
colored red

Chain craters or
collapsed lava
tube

No coding assigned

impact crater—
Having a raised
rim and a visible
ejecta blanket

Outline weight . 125

No coding assigned

Impact crater—
Peak at center
of mound sur-
rounded by
floor, rim crest
{hachured), and
rough rim
ejecta, continu-
ous ejecta, or a
field of second-
ary craters

Outline weight . 125

No coding assigned

Caldera

Outline weight .25
Hachure weight .2
Hachure height .625
Space 875

No ccding assigned

Volcano—Queried

Show color within,

Outline weaight .125

No ccding assigned

if origin is if appropriate U-8
conjectural
Voicano—Having | Show color within, No ccding assigned

a summit crater

if appropriate


































Reference
ber

oo  hum

[ard
F-
(1)

2499

2.49.10

2.1-79

630 0230

Gaging station— . Waight .15
A Partial-record 2375 M1z 060 0346
A Measurement A 630 0230
station without 060 0347
a gage
43 Discontinued Bar3.75 630 0230
gaging station Weight .2 060 0348

2.50 MISCELLANEQUS HYDROLOGIC SYMBOLS

Symbols may be shown in black or blue.

2.50.1

250.2

2503

2.50.4

2.50.5

2.50.6

2.50.7

——— ¢ ¢ A ¢ &

Surface-water
basin boundary

Weight .6
se Dash 75
Dot diameter .625 Space .5

Coding not provided

Surfaca-water
subbasin
boundary

Weight .425
. .. Dash 5.0
Dot diameter .45 Space .5

Coding not provided

(AR R AR ERRESER R ]

Ground-water
divide

[ XXX NEREIYNYYYY )

Dot diameter .675
Space .575

Coding not provided

Ground-watar
divide—Approx-
imataly located

Dot diameter.7 .2
Space .625 /

Dash 6.5

Coding not provided

Space .5
Infiltration gallery ’|'7|5 1% Coding not provided
CKCH HHHH H H 1.126 — ||
625
Diraction of '75\ 575 Coding not provided
—=> mmp ground-watar 115> =3
flow I
2125
Direction of | 6.75 | Weight .25 Coding not provided
-—3> —> ground-water > & I
_ . = Arrow-1/2 fil
flow—Approxi Dash 16 o 7|5
mate Space .5




Reference
number

N
n
—
—

2.81.2

2513

2514

2515

2.516

2517

2.51.8

2519

251.10

2511

2.51.12

2.51 WEATHER STATIONS

2.1-80

Coding not provided

Weather station Basic shape centered over 2.0~
& site " Weight.175
R Weather station— R<-U-6 Codirg not provided
& Equipped with
a recorder
- Weight .15 ; i
Weath.er statiqn 3 Lomonh 15 Codirg not provided
Equipped with NE
Sl a telephone or LSR8 125
radio 2.07 Length .875
¢ Weather stetion— ¢ Coding not provided
Complete
Snow surve 20~ Coding not provide
& v & Weight.175 9 P d

course

WEATHER STATIONS WHERE DESIGNATED TYPES OF MEASUREMENTS ARE OBTAIN<D

$ Precipitation $ Coding not provided
& Eveporation & Coding not provided
N Temperature & Coding not provided
© Humidity © Codinc not provided

Solar radiation

U6—"

Codinc not provided

Wind velocity

2.0

5.0~ | fe Afrow
_®.425q weight
sl 15
1.25 1.25

Codinc not provided

Weather station—
Discontinued

<$ Bar3.75
Weight .175

Coding not provided
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2.53 TRANSPORTATION: ROADS AND TRAILS, DESCRIPTIVE MULTIPLE ELENENT TYPES

2]
2 .
[}
®a
QE
[ -
cc NPy
' . ui-5
2.53.1 Highway in \ _ 170 0601
NNEL t n l TUNNEL Wlﬂg 575
=== unne == === Angle 45
Dash 1.25 Weight .075
Space .5
2532 N Highway N, - Space.375 170 0602
AN ov.erpass on ~
bridge
Screen 40% biangl
2533 FORD Road submerged rangle Urs 170 0606
==~ orin e ford I \EeRo
7
2 Dash 1.0
Space .5

2.54 TRANSPORTATION: RAILROADS, FEATURE IDENTIFICATION, LINES, AND MULTIPLE

ELEMENT TYPES
. __UI-6
2.54.1 BURLINGTON Railroad BURLINGTON=" , 180 0201
_ NORTHERN 5—, NORTHERN  Tie weight 075
—_—_—  =———————+— Height 1.0
4 25/1 Spacing 5.0
2.54.2 N Reilroad overpass \ Wi".;? 575 180 0602
i . + + ; + Angle 45°
A
on bridge \ Weight .075
2543 F . uI-5 \
54, erry crossing \ .2 shoreline 180 0207
_ _FERRY \_ reray \
By -dD;s_h_I_ZE Weight .075
Space'.5
2544 Number of tracks BURLINGTON <~ U6 181 Onnn
NORTHERN Tie weight .075
= = S Height 1.0
4TRACKS eign® 1.
125/ 4TRACKS Spacing 5.0

2.55 TRANSPORTATION: PIPELINES, TRANSMISSION LINES, AND MISCELLAN=OUS LINES

2.55.1 Pipeline U, Submerged 190 0201
___PIPELINE ____PIPELINE _ _ Weight.125
Qash 2.5
Space .5
Ul-s5
2.55.2 POWER Power S powER Weight .075 190 0202
_TRANSMISSION LINE transmission _TRANSMISSION LINE Dash .825
. Space .425
line Dot diameter .425




Reference

&

2.56.2

2.56.3

2.56.4

2.56.5

2.56.6

256.7

2.56.8

2.56.9

2.56.10

2.56 BOUNDARIES, FEATURE IDENTIFICATION AND AREAS

Space .825

o Boundary—<Civil g’e’ghf- 175 090 0100
township, dis- - st,ce‘fﬁ?s
trict, precinct, or
barrio
_________ Boundary—Incor- L g"s’f"’;b’;:d 0 090 0101
porated city, Space .5 '
village, town,
borough, or
hamlet
Boundary— e 090 0103
- National park, - "7 Space 2.5
monument' Dot diameter .25
lakeshore, park-
way, battla-
field, or
recreation area
B Boundary— Symbol same as 2.56.3 090 0104
National forest Size of letters mayvary — T T
ar gra%land SM typeface
Boundary— Symbol same as 2.56.3 , o 090 0105
- National wild- Size of letters may vary
lifa rafuge, SM typeface
game preserve,
or fish hatchery
Boundary— Symbol same as 2.56.3 . o 090 0106
— = National scenic Size of letters may vary
Waterway or SM typeface
wildarness area
_ Boundary—Indian | Symbol same as 2.56.3 _ L 090 0107
- T reservation Size of letters may vary
SM typeface
Boundary— Symbol same as 2.56.3 L 090 0108
' T Military Size of letters may vary '
reservation SM typeface
Boundary of Weight .4 090 0197
- Canads ~m e sdgma 17
Boundary of Symbol same as 2.56.9 Weight .4 090 0198
—— e e Mexico SM typeface —_— Dash 6.25 and 1.75




2.57 BOUNDARIES, FEATURE IDENTIFICATION AND MULTIPLE ELEMENT TYPES

2.1-84

o
4 b
$3
2 E
D I
2.57.1 State Federal Twao digits, flush right [‘;Vﬂigfgé-; y17s 091 00nn
—— et it N -_= 88 . an .
Information Pro- Space .825
cessing Stan-
dards (FIPS)
code
2.57.2 County or county | Three digits, flush right gfaigfg-zf J175 092 Onnn
—— i — . - === Das L an .
equivalent FIPS Space 825
code
2.58 HYPSOGRAPHY (SELECTED)
2.58.1 Continental Divide Weight .3 290 2017
Dash 10.0

Space 2.5
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3. COLORS AND PATTERNS FOR GEOLOGIC MAPS:
COLOR DESIGN, COLOR AND PATTERN CHARTS

3.1 GUIDELINES FOR COLOR DESIGN OF GEOLOGIC MAPS

3.1.0 INTRODUCTION

Color design is one of the most critical phases of geologic map design because of the
significant effect that the use of colors has on map legibility and its ability to communicate
information to the map user. The goals in color design are to enhance the legibility o the map
and to enhance its meaning by helping to focus the reader's attention on the most important parts

of the data.

Color design affects nearly all phases of map production. For maps prepared fcr colored
printing, well designed color treatment can simplify production phases—scribing, if used,
lettering, color separation, and printing—and thereby reduce costs. By contrast, careless or
incomplete color design can overcomplicate production phases and require many extra hours for
preparation, correction, and proofing. For maps prepared for electronic plotter, effective color
design will increase the quality and visual clarity of data, may reduce the number of time-
consuming test plots needed to achieve an acceptable map presentation, and may reduce the

plotter time required to produce a final map and multiple copies of the same map.
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Because of its nature, color design requires proper training, including a basic unde-standing
of geology and a background in cartography, in order to be familiar with the kinds of information
that earth scientists are trying to express in map format. In addition, color design requires artistic

ability—a good eye for color and a grasp of color principles such as balance and contrast.

This section discusses the factors to be considered by authors and color specialists when
designing colors for geologic maps. Individual author preferences should not be al'owed to
supersede established standards and procedures that are widely accepted. Five factors discussed
in the following sections are presented in order of their importance: (1) purpose and u<e of the
map, (2) standards forb color and pattern selectton, (3) color contrast and clarity, (4) coo~dination

with previously published maps, and (5) cost of publication.

3.1.1 FACTORS THAT INFLUENCE GOOD COLOR DESIGN

3.1.1.1 PURPOSE AND USE OF THE MAP

The purpose and use of a map are the overriding considerations in planning color selection.

3.1.1.1.1 Standard Geologic maps. Colors on standard geologic maps, such as U.S. Geological
Survey Geologic Quadrangle (GQ) and Miscellaneous Investigations Series (I) maps. should
conform closely to colors on the standard color chart established according to age of sedimentary
rocks (Section 3.1, p. C-3). Most of the standard map series are now printed using the four

process colors: yellow, magenta, cyan, and black.
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3.1.1.1.2 Special-use maps. Maps that are designed for specialized use or broad distribution, such
as State geologic maps and National or State park maps, may be less limited than standard maps
in color design. Colors on special-use maps conform to those established for sedimentary rocks
by age, but geologic formations that are of likely special interest to map users may need to be
highlighted by special color treatment. The broad appeal of some maps such as park maps, as
well as the complexity of some large-format geologic maps, may justify the use of additional
color inks to create the array of colors needed to enhance their readability. On maps that cover

large areas, tectonic relations may outweigh geologic age when choosing an overall color design.

3.1.1.1.3 Maps utilizing gradational colors. Examples of the appropriate use of gradational color
include volcanic-hazards and slope-stability maps. Such maps are printed in more co'nrs than
their physical complexity might suggest. On these maps, areas of greatest hazard are shown in
red, and they grade through orange to yellow where the hazard is less. Permanent red is
preferred over magenta on these maps because it is more brilliant. Examples may be found in
publications such as U.S. Geological Survey Miscellaneous Investigations Series Map I-1072 and
maps in U.S. Geological Survey Bulletins 1492 and 1503 and in Professional Paper 1204-A.
Other kinds of maps properly using gradational color design include those showing phenomena
such as humidity, precipitation, and temperature. Gradational colors are applied to geonhysical

maps to represent magnetic, gravity, and radiometric anomalies and their derivatives.

3.1.1.1.4 Maps showing key beds or key units. Although the color design of geologic maps

generally follows the standard sedimentary age color sequence, emphasis may be given to key
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units by using special colors. Examples of color design for key units include maps showing coal
beds, beds of a minable mineral commodity such as oil shale or gravel, or maps showing the

distribution of units with notable geologic engineering properties.

3.1.1.1.5 Hydrologic maps. These maps are commonly printed in two or three colorz. These
maps show depth to water table by gradational colors ranging from light blue at the shallowest
depths to dark blue at the greatest depths. Other maps show concentrations of dissolved solids
by using colors ranging from dark blue where concentrations are lowest to dark red where

concentrations are highest. Color design for maps of dissolved solids is shown in table 3.1.2.

Table 3.1.1. Example of color design for maps showing dissolved solids

COLOR DESIGN FOR MAPS SHOWING DISSOLVED SOLIDS

Dissolved solids in Color design— Color design—
milligrams per liter Example 1 Example 2
0- 50 Dark blue Dark blue
500- 1,000 Medium blue Light blue
1,000- 3,000 Light blue Light blue and light red
3,000-10,000 Light red Light red
10,000-35,000 Medium red Medium red
More than 25,000 ] Dark red Dark red J

3.14



3.1.1.2 STANDARDS FOR COLOR AND PATTERN SELECTION

Standards for color and pattern selection have been established by careful design practice
and application through the years. The standards are widely accepted and assist in maintaining
consistency and continuity of colors and patterns among maps. The sedimentary age color chart
on page C-3 is the cornerstone for color design for standard geologic maps; other design
elements follow in sequence. Because the geology differs area to area, and because authors have
different specialties and needs for emphasis (some scientists take particular care in delineating
the various kinds of surficial deposits whereas others lump them together), not all geologic maps
fit comfortably into this scheme. For example, a particular map may depict 40 kinds of Tertiary
rocks, including a variety of volcanic rocks, and may show no units older than Cretaceous rocks.
In this example, some pinks, purples, or other bright colors normally used for rocks of other ages
may be required for Tertiary units. Similarly, the same kind of departure from standard color
use might be anticipated for a map that shows almost exclusively Precambrian rocks. The key
to proper use is that the chosen colors clearly and accurately depict geologic relations. For
example, on a map that shows predominantly surficial units, alluvium units may be grouped
together in yellow, gravel units in orange, and glacial deposits in blue. A word of caution is
advised where colors are "borrowed" from other age color groupings. The designer must be
aware of the possibility of conflicts that may arise when using colors from other age groupings
that may be present on adjacent maps. An awareness of regional geology and consultations with

the author may help guide these choices.
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Proper use of patterns can add great diversity to a map, but patterns must be used with great
care. The color and pattern charts, pages C-4 through C-37 in this section, illustrate the variety
of patterns that can be used. Patterns can be used as overprints in available ink colors, screened
a variety of ways, or can be reversed in dark screened and solid areas. Because using patterns
increases production costs and because of the potential of patterns for increasing clutter on an
already complex map, patterns should only be used on multicolor maps if the complexity of the
map requires a greater variety of colors and patterns, or when there is a need to show relations
among rock types through the use of patterns. On black-and-white or two-color geolozic maps,
such as those usually included in book publications, consideration should be given to the cost and
complexities involved in the use of patterns. On complex maps, the additional cost of two more
printing inks might easily be offset by the cost of the additional peelcoats needed for th= patterns
and by the amount of cartographic labor involved in cutting and laying patterns and blo~king out
patterns for type. A multicolor map may be much more legible.

When using patterns, the following guidelines apply:

3.1.1.2.1 The type of patterns used should be indicative of the type of rock
represented. Although flexibility may be exercised in the use of many
different types of patterns, some patterns are by tradition exclusively used
for certain rock types. Line patterns should not be used for ignecus rocks;
and conversely, irregular patterns such as
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should not be used for sedimentary rocks.
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3.1.1.2.2 In general, base map information and type are more legible urder finer

patterns that coarser ones; screening patterns when possible elim‘nates the
need to block out the patterns for type. Charts included in this section

illustrate patterns that can effectively be screened and to what extent.

On the color and pattern guide provided below, screened patterns are represented as
follows:

5 The box indicates that pattern 132 and the 5 screen will be on the same peelcoat
132 and the pattern will be screened 50 percent.
5 No box indicates that 132 pattern and 5 screen will be on separate peelcoats; the
132 132 pattern will print solid on top of a 50 percent tint.
3.1.1.2.3 When screening any pattern, the screen must be at least 30° away from any
tint screen in the same color as the pattern. For example:
5
402 The 402 pattern is screened 50 percent and printed on top of a 20 percent
2 tint. The angle of the 50 percent screen must be 30° away from the angle
of the 20 percent tint screen.
3.1.1.24 When screening a line pattern, the screen must be at an angle N° away

from the angle of the line.
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3.1.1.2.5 If possible, lined or ruled patterns should be angled approximately 90°
from the general angle that the formation is running.

This: Not this:

3.1.1.3 COLOR CONTRAST AND CLARITY

Contrast among map colors and clarity of map information through the colors significantly
impact the overall appearance of the map. An understanding of certain principles of color can
make the difference between a visually distracting map that is difficult to read and an attractive,

useable map.

Some guiding principles include:

3.1.1.3.1. Light colors are generally preferred for the largest areas on a map and
dark colors should be reserved for smaller areas.

3.1.1.3.2. The cotlors selected for large areas on the map will determine much of the
overall appearance of the map. Avoid "muddy" or "gaudy" colors for these
areas.

3.1.1.3.3. In the four-color process system, magenta and cyan should not b= used in
intensities greater than 50 percent, except in very small areas, because base
information and other data become illegible.

3.1.1.34. Colors have an emotional impact: For example, some colors are thought
of as "cool" and other as "hot;" red connotes danger. This prin-iple has
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some bearing on color design for geologic maps but even more so on maps
with political impact or on maps depicting gradational relations among

units.

3.1.1.4 COLOR COORDINATION WITH PREVIOUSLY PUBLISHED MAPS

Map color design must also consider previously published maps adjacent to or necr the area
of the map being designed. It is desirable to match previously published reports, where possible,
particularly if the area is adjacent to, or part of, a block of geologic quadrangles. Matcting lends
continuity to a study area and makes the maps as a group more legible. Exact matches to
previous reports, however, are not always practical. The overriding consideration is legibility.
For example, colors on a published map may not provide enough contrast; therefore, to achieve
needed contrast on the map being designed, the designer may use colors that approximate those
used on the previously published map but may make them darker or lighter as needed. In this

way, the map is legible, and the reader can follow the continuity from one map to the next.

When matching previously published maps, designers need to be aware that the color
systems have evolved over the years. The earliest color maps used a different printirg ink for
each age grouping. Later the process system was introduced in which a great varnety of colors
could be produced with the use of only four printing inks. The first maps produced vnder this
system used Colortrol inks, which are quite different from the process yellow, magenta, cyan, and

black currently in use. Not only have ink colors changed, but screen values have ckanged as
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well. Initially, 133-line screens were used in the process color system. Later, the 120-line
screens were introduced, and still later, the 120-line screens were remade with slightly different
screen percentages. When matching publications older than 1980, color designe-s should
consider the colors as they appear on the published map rather than copying the color number

directly from the earlier color guides.

3.1.1.5 COST OF PUBLICATION

Publication cost, although important, should not override legibility, clarity, and vsefulness
of the map. This principle is important regardless of whether the map is being prepared for
release exclusively as a digital file for on-demand reproduction by electronic plotters, o~ whether
the map is being prepared for color printing of a large number of copies. There is no advantage
to printing a map that is difficult to read. The skill of the color designer significantly affects

costs of materials, man-hours of labor, and printing costs, as evidenced by the follow'ng:

3.1.1.5.1 The number of peelcoats should be held to a minimum. Each new screen
value introduces a new peelcoat. The introduction of film pattens, hand
patterns, or specialized symbols increases the cost of a report btv adding
complexities that increase production hours. These should the-efore be
used judiciously. The objective is to maximize map legibility and
attractiveness at minimum cost.

3.1.1.5.2 At the present time, many scientific maps are printed on a two-color press.
Hence, a two-color map is not much more expensive to print than black-
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3.1.1.53

and-white, but the addition of a third color increases the cost subctantially
because it increases the number of press runs. However, a sixth ink may
be added to a map that requires at least five printing inks withont greatly
increasing the cost. Careful consideration of the advantages gain=d by use
of another ink must be given when such use requires an additicnal press
run.

With current technology, maps that are now produced "on derand” by
using electronic plotters may each require long periods of time for plotting.
Complex colors or patterns add substantially to the plotting time. If a
number of maps must be plotted, both the time required with etuipment
tie-up and the opportunity for malfunction of the plotter and paper-handling
equipment may be increased substantially. Advanced planning is required
to assess the number of map plots needed, as well as the cost in production

and plotting time required for complex color and pattern designs.

3.1.2 TREATMENT OF BASE MAP INFORMATION

The color designer determines the most appropriate way to show base map information.

Showing the drainage in blue is preferable on geologic maps because of the relations of the
surficial geology to the drainage. On geologic maps, the culture is shown in a denser screened
black (normally 40 percent) than the topography (normally 30 percent). Abundant data shown

in black, such as structure symbols that would not show up well on screened black topngraphy,
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might require use of contour brown for the topography. However, this is the exception rather
than the rule because the incorporation of contour brown adds a fifth, and expensive, printing ink.
In maps prepared on an electronic plotter, the visibility of contour lines plotted in brown may be

reduced or obscured when certain other plotter colors are overprinted.

On some geologic maps, it is not practical or feasible to print the drainage in a separate
color. Where compilation has been done on a composite mosaicked base, the number of hours
required to reconstruct a color-separated mosaicked base is prohibitive when several images are
involved. It is both critical and difficult to re-register author compilation to a new base. In cases
such as the special-use maps described above, it may be worthwhile to reconstruct a color-

separated mosaicked base despite the difficulties involved. However, advanced planning is best.

Where composite map bases are used, they are normally shown in screened black or in
contour brown or burnt stenna. Contour brown or burnt sienna is recommended in the following

situations:

3.1.2.1 Maps at enlarged scales. For example, on a 1:125,000-scale map enlarzed from
1:250,000, base data shown in black would be difficult to read even on a much
subdued screened black. Brown or burnt sienna would be legible without

obscuring geologic information.
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3.1.2.2 Mosaics that incorporate images at various scales. For example, consider
1:24,000-scale maps reduced to 1:48,000 and mosaicked together with 1:62,500-
scale maps enlarged to 1:48,000. In order to screen the enlarged contourz enough

to print in black, the reduced contours may be lost.

3.1.2.3 Combinations that include a water tint. A moiré pattern is created where tints are
screened a second time by using a biangle screen. Such a pattern is una‘tractive,

distracting, and commonly conceals other map information,

Color-separated bases are not required on many types of thematic earth science maps such
as simple two-color maps (black and brown, or black and red) that have highly generalized
information. Such maps include aeromagnetic maps and other maps showing data only in black,

such as point localities or contours. However, these data show up well on a burnt sierna base.

[3.2 COLORS AND PATTERNS, pages C-1 through C-39 follows]
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